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CHAPTER I. 

INTRODUCTORY. 

In Group II. of the Periodic Table beryllium and ma^jnesium form a 
connecting link between the alkaline earth and zinc-cadmiurn-inercury 
groups. On the whole, beryllium has the closer relation to the zinc 
group and magnesium to the alkaline earths, with 
which it was once classed. 

Beryllium was originally believed to resemble 
aluminium more than magnesium. It is, how- 
ever, divalent likt* the members of Group II. 
The solubility of its hydroxide in caustic alkalies, 
which partly suggested its relationship with 
aluminium, is repeated by zinc. Mercury forms 
two well-marked series of salts, and the chloride 
of the monovalent series resembles silver chloride. 
The tendency to the extra monovalent series is 
faintly discernible in cadmium, as in cadmous 
hydroxide. 

Both the alkaline earth metals and the 
members of the magnesium group are more or 
less white and metallic in appearance. Beryllium 
and magnesium are light : their approximate 
densities being 1B4 and 1*74. Calcium, with an 
atomic weight of 40*07, has an approximate 
density of 1*54 ; the approximate density of barium, atomic weight 
137*37, is 3*78. The approximate densities of zinc and cadmium, with 
atomic weights of 65*38 and 112*41 respectively, are 6*92 and 8*65. 
The high density of mercury, 18*6, completes the tendency of zinc and 
cadmium to exceed the alkaline earths in density. 

Beryllium melts at about 1280° C. Magnesium melts at the much 
lower temperature of c. 650° C. Barium melts some 200° above 
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nia^^nesiimi ; calcium and strontium about 50° below barium, wdiich 
is’ distinctly higher than magnesium. Zinc melts at about 419° €., 
and this tendency of zinc to melt more easily than the alkaline earth 
metals culminates in the low melting-point of inenairy at —88*89° C. 
Zinc, cadmium, and mercury, with resj)ective boilijig-points of about 
918° C., 778° C., and 857° (’., very distinctly tend to greater volatility 
with increasing atomic weight. Magnesium boils at about 1100° C. and 
barium at about 950° C. 

Water acts more readily on the alkaline earth metals than on the 
zinc group : cold water acts very slowly on beryllium; steam acts on 
zinc at a red heat and on heated cadmium vapour, but mercury is 
hardly attacked at all by water. Magnesium reacts readily in the 
presence ol‘ a little platinic chloride or when amalgamated. The 
alkaline earth metals also oxidise more readily than those of their 
sister grou}). 

The zinc group metals greatly incline* to form basic salts, and mag- 
nesium, though it tends to relations with tlu^ alkaline earth metals, 
shares somewhat in their inclination. 

Calcium, strontium, and barium form hydrides. Magnesium, tend- 
ing to resemble them, also lias a hydride, but Ihe zinc group has, in 
general, very little tendency to hydride formation, for the existence of 
a hydride of beryllium is very doubtful, and hydrides have not been 
discovered for zinc, cadmium, and mercury. 

The fluorides of calcium, strontium, and barium are only very 
slightly soluble, llcryllium fluoride is very soluble. A litre of water 
only dissolves 7*6 mgm. of magnesium fluoride. Even anhydrous zinc 
fluoride is sparingly soluble, but cadmium fluoride, which dissolves to 
the extent of about 45 grm. in a litre of water at 25° C., returns to the 
general tendency towards solubility manifested by beryllium fluoride. 
Hydrolysis obscures the continuation of this tendency in mercury 
fluorides. 

Beryllium chloride is very sensitive to moisture ; zinc and mag- 
nesium chlorides form basic salts when their aqueous solutions are 
evaporated to dryness; hydrolysis is much less marked in cadmium 
chloride solutions and virtually absent in those of mercuric chloride. 
The heats of formation of beryllium and magnesium chlorides are 
approximately 155 and 151 Cal. respectively. In the alkaline earth 
group the heat of formation of the anhydrous chloride tends to rise 
with increasing molecular weight. Thus the approximate figure for 
strontium chloride is 184 Cal. and for barium chloride 194 Cal. The 
heat of formation of anhydrous zinc chloride is much lower than that 
of beryllium or magnesium— about 97 Cal. The figure is a little less 
for cadmium — about 93 Cal. — and, from the recorded results, very 
distinctly less for mercury. 

The oxides of beryllium and magnesium are white, as are those of 
the alkaline earth metals. A tendency to colour is evident in zinc 
oxide, which is yellow when hot. The oxides of cadmium and mercury 
are coloured at ordinary temperatures. There is a tendency towards 
peroxide formation in the whole group. 

The oxides of the alkaline earth metals dissolve appreciably in 
water to form hydroxide solutions. The hydroxides of the zinc group 
are only very slightly soluble in water, and are not formed by direct 
union between water and the oxides. Water is easily expelled from 
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them by heat, and in the case of mercury, precipitation of salts by 
alkaline hydroxide solutions produces an oxide. The basic character 
of the hydroxides of the zinc group decreases with increasing atomic 
weight. 

Hydrogen sulphide does not precipitate sulphides from solutions of 
salts of beryllium, magnesium, or the alkaline earth metals. Zinc 
sulphide is precipitated from alkaline or slightly acid solutions. 
Cadmium sulphide is less soluble in acids than zinc sulphide, though 
hydrogen sulphide docs not ])recipitate it when the acid concentra- 
tion is at all high. The increasing insolubility of the siilphides with 
increasing molecular weight is evident in the great resistance of mercuric 
sulphide to acid attack. 

Nitrogen tarnishes calcium and strontium at ordinary temperatures. 
Beryllium and magnesium also form nitrides by direct combination 
with nitrogen. This tendency to direct union falls off perceptibly with 
zinc, though mercury still forms a nitride more indirectly. 

The alkaline earth metals Ibrm w^ell-marked carbides, and carbides 
of magnesium and beryllium are also known. Calcium, strontium, and 
barium form well-defined, stable carbonates. Magnesium carbonate is 
also well-defined and stable ; but the tendency to form basic carbonates, 
apparent in magnesium, makes it difficult or impossible to obtain the 
carbonates of other metals in the group free from basic admixture. 

The solubility of magnesium sulphate se})arates it from the sul- 
phates of calcium, strontium, and barium, which decrease with in- 
creasing atomic weight from sparing to very slight solubility. Mag- 
nesium indicates its connection with the zinc group both by the 
solubility of its sulphate and the isomorphism bc‘tw(H'n it and zinc 
sulphate. The sulphates of the zinc group are both more soluble and 
less stable than the alkaline earth sulphates. Th(‘ir stability decreases 
with increasing atomic weight of the element. 



CHAPTER II. 

BERYLLIUM AND ITS COMPOUNDS. 
BERYLLIUM. 

Symbol, Be. Atomic Weight, 9 02 (0~1G). 

Occurrence. — Beryllium, since the dinieulty of se})arating it from 
aluminium makes it difficult to detect in small quantities, may be more 
widely distributed than is supposed, though Hartley, from spectro- 
scopic evidence, thinks this is doubtful.^ Beryl, a double silicate of 
beryllium and aluminium, tSBeO.AlgOg.OSiOg, is tlic chief source of the 
element and its compounds. Beryl crystallises in the hexagonal system, 
and usually in simple forms. Its density is 2*7, and its hardness, 
7-5-8, is intermediate between quartz and to])az. When free from 
colouring matter and flaws it is clear and transparent like glass. Aqua- 
marine is a yellowish-green, bluish -green, or sea-green variety of the 
gem, and rich grass-green beryl is well known as emerald. The emerald 
has been valued as a gem from early times, and the Kgyj)tiaii beads 
and scarabs, made from the products of Clco])atra’s emerald mines 
in Upper Egypt, which were worked as early as 1G50 b.c., had 
probably both a magical and an jcsthetic value. Emeralds also 
occur in the Urals and at Salzburg, but the most valued gems come 
from Colombia in S. America.^ The colour of the emerald is prob- 
ably due to chromium.® Pink beryls have been found in Madagascar 
and California. 

Very large crystals of beryl have b(^cn found in Norway, and some 
New Hampshire specimens have actually weighed from one to two tons. 
Beryl occurs frequently in some granites : in Bavaria, as a transparent 
blue variety in the Mourne Mountains, and as an opaque variety in 
Dublin, Donegal, and Banffshire. 

Aquamarine of gem quality is found mostly in Brazil, the Urals, 
and Siberia.® 

Beryl is not attacked by acids, except perhaps, when finely divided, 
by hydrofluoric acid.^ It has been artificially prepared.® 

The following analyses have been published : — 


1 Hartley, Proc. Roy. Soc., 1902, 69 , 283. 

“ Spencer, The World's Minerals (W. & R. Chambers), 1911, p. 103. 

® Wohler and Rose, Compt. rend., 1864, 58 , 1180; Williams, Phil. Ma^., 1873, [4], 
46 , 314. 

* Parsons, ./. Armr. Chem. Soc., 1904, 26 , 721 ; Britton, J. Soc. Ohem. Ind., 1922, 41 , 
349T. 

® Williams, Phil. Mag., 1873, [ 4 ], 46 , 314 ; Hautefeuillc and Perrey, Gompt. rend., 
1888, J06, 1800 ; Traube, Jahrh. Miner., 1894, i, Mem., 275. 
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Beryllium also occurs in combination with silica in 'phenaciie, 
Be2Si04 ; in combination with alumina in chrysoheryl (cyniophane), 
Be(A102)2 ; in combination with silica and alumina in euclase, 
Be(A10H)Si04 ; and in combination with boric acid in hamhcrgite, 
Bc 2(0H)B03. It also occurs in other complex combinations con- 
taining silicic acid, as in gadolinite, BeF3( YO)2{Si()4)2 ; leuco- 
p/^an^, Na(BeF)Ca(Si03)2; helvite, (Mn,Fe)2(Mn2S)Be3(Si04)3 ; danalitey 
(Zn,Fe )2(Fe2S )Be3(Si04 )3 ; epididymite, IINaBeSi303 ; trirnerite, 
MnBeSi04 ; etc. Berylonite is sodium beryllium orthophosphate, 
NaBeP 04.4 

The beryls and chrysobcryls often contain helium.^ 

Lockyer found beryllium lines in the sun’s s])cctrum.® 

History. — There have been two hesitancies over beryllium — a minor 
hesitancy over its name and a major hesitancy over its valency. It 
is still called both “ beryllium ” and “ glucinum,” but the name 
“ beryllium ” is adopted in this series. Beryllium is now almost 
universally regarded as divalent, though there may be a few com- 
pounds in which its valency is higher. 

Vauquelin discovered la terre du beril in 1797 . Haiiy had 
emphasised the close resemblance between beryl and the emerald ; 
Vauquelin examined the two minerals carefully and proved their 
chemical identity — confirming an opinion mentioned by Pliny. Klap- 
roth had found in them silica, alumina, and ferric oxide ; their 
present constitution, double silicate^ of beryllium and aluminium, 

1 Lebeau, Compt, rend., 1896, I2i, 601 (emerald). 

® de Bennevillo, J, Ainer. Ghem. Soc., 1894, i6, 65 (beryl). 

® Pollok, Trans. Chem. Soc., 1904, 85, 603 (Limoges beiyd). Parsons, J. Atner. Chem. 
Soc., 1904, 26, 721, found small quantities of zinc in some beryls. 

* Joy, Chem. Nem, 1803, 8, 183, 197, gave a useful list of the beryllium minerals 
and their literature as they were in 1863. 

® Piutti, Atti R. Accad. Lincei, 1913, f6], 22, i, 140. 

• Lockyer, Proc, Roy. Soc., 1878, 27, 279. 
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8 Be 0 .Al 203 . 6 Si 02 , is the result of Vauquelin’s discovery that the 
alumina was accompanied by beryllia. He discovered the new oxide 
by its deposition from a boiling solution of potassium hydroxide, and 
distinguished it from alumina mainly by its solubility in ammonium 
carbonate, his failure to obtain potash alum from it, its higher basicity, 
its complete precij station by ammonia, and by tlie sweetness of its salts, 
as well as by a number of other differences.^ Subsequent research has 
fully confirmed his discovery. 

A tendency soon developed to call tlie new earth ‘‘ glucine,” because 
its salts were sweet, and Vauquelin’s own name for it, derived from its 
source, was superseded in France by the newer term. “ Beryllerde ” 
was, however, preferred in Germany, beciausc sweet salts were not 
peculiar to the new earth. The names “ glucinum ” and “ beryllium ” 
were subsequently adapted from the original terms to denote the metal 
itself, and bSth are still in use. 

Thirty years after Vauquelin’s isolation of beryllia, Hussy ^ and 
Wohler,® working inde})cndently, isolated the metal itself by reducing 
the chloride with metallic potassium. 

Towards the end of the nineteenth century electrolytic methods for 
isolating beryllium were discovered, and the metal is now usually pre- 
pared by electrolysing its compounds in the presence' of a fluoride. In 
1916 it was obtained of 99*5 per cent, purity.'* 

Since beryllium is intimately associated with aluminium in nature 
and resembles it in many ways, it was natural to assume its trivalency, 
but, after a long controversy, the determination of the vapour density 
of its chloride by Nilson and Pettersson, in 1884 and 1886, indicated 
that it was divalent, like magnesium.® Ilumpidge confirmed this result 
in 1885, and drew the same conclusion from his determination of the 
vapour density of the bromide.® The run of the data in the light of‘ 
the Periodic Classification and modern methods of checking or deter- 
mining atomic weights clearly indicate for beryllium an atomic weight 
of about 9*1 and a valency of 2. Anode-ray analysis indicates that 
beryllium is a “simple element” with an atomic weight of 9*0 ±0*1 
(Na=23).’ 

Pollok’s suggestion, in 1904, that the beryllium of Limoges beryl 
contains another unknown earth, has not matured.® 

Beryllium is too rare to have much industrial importance. Crystal- 
line beryllium is one of the most expensive rare metals, and its salts 
are also costly. The nitrate, however, is used in solutions for impreg- 
nating gas mantles.® 

Extraction of Beryllium Compounds. — Vauquelin originally 
obtained beryllia by fusing beryl with potassium hydroxide, dissolving 
the melt in water and boiling the solution to reprccipitate the beryllia.^® 

1 Vauquelin, Ann. Chim., 1798, 26, 155, 170, 259. 

* Bussy, Dingl. poly. J., 1828, 29, 466. 

® Wohler, Ann. Chim. Phys., 1828, [2], 39, 77. 

* Oesterheld, Zeitsch. anorg. Ohem., 1916, 97, 1. 

® Nilson and Pettei-sson, Compt. rend.t 1884, 98, 988 ; Ann. Chim. Phya,, 1886, [6], 
9, 554. 

« Humpidge, Proc. Roy. 8oc.y 1885, 39, 1. 

’ Thomson, Phil. Mag., 1921, [6], 42, 857. 

® Pollok, Trans. Chem. Soc., 1^4, 85, 1630. 

* Martin, Industrial and Manufacturing Chemistry {Inorganic) (Crosby, Lockwood & 
Son). 1917, ii, 307-8. 

Vauquelin, Ann. Chim., 1798, 26, 155. 
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Since the adequate isolation of beryllia from beryl involves the trouble- 
some separation of the two very similar oxides, beryllia and alumina, 
a large number of methods have been devised and used to effect it. 
The best methods can be classified under the two main headings of 
(A) alkali fusion and (B) fluoride fusion.^ Beryllia is almost invariably 
prepared from beryl, though other minerals containing beryllium have 
been occasionally employed. 

(A) In the alkali-fusion method the finely powdered beryl is fused 
with about twice its weight of potassium carbonate or potassium 
hydroxide. The melt is ground, covered with water, and treated with 
excess of sulj)huric acid. The whole is then heated, with stirring, until 
white fumes of sulphuric acid are evolved and the residue is reduced to 
a line white powder. This decomposes the silico-alurninate of beryllium 
and potassium and makes the silica insoluble. After dissolving out the 
sulphates of beryllium, aluminium, and potassium with water, it has 
been usual to crystallise out the aluminium as potash alum, after suit- 
able concentration. The mother-liquor from the separated alum con- 
tains the beryllium as sulphate, and also potassium sulphate, sulphuric 
acid, some aluminium sulphate, and small amounts of impurities, 
including slight amounts of iron. Britton advises, after filtering off 
the silica, adjusting the concentration of the sulphuric acid to about 
5N by adding })otassium hydroxide, saturating the boiling solution 
with potassium sulphate, and crystallising at a low temperature, prefer- 
ably at 0° C.^ If alcohol is used to procure a complete separation of 
the aluminium as alum, some beryllium sulphate also crystallises out.® 
Whether a preliminary separation of aluminium through potash alum 
is made or not, a final isolation of the beryllia is necessary. 

(B) Lebeau fused powdered emerald with twice its weight of fluor- 
spar, poured the molten mass into water and heated the resulting 
friable mass with sulphuric acid. After volatilisation of the silicon 
fluoride the bulk of the aluminium was removed as potash alum. He 
also heated emerald in the electric furnace, which volatilised some of 
the silica and left a mass easily attacked by hydrofluoric and sulphuric 
acids. ^ 

A solution oj' beryllium fluoride is obtained by heating beryl to dull 
redness with G parts of ammonium hydrogen fluoride and extracting 
with water. The solution also contains traces of aluminium and other 
impurities — including iron.^ 

Copaux heats 1 j)art of finely ])owdered l:)eryl with 2 parts of sodium 
silicofluoride to 850'" C. The beryllia is converted into a double fluoride, 
thus ; 

2BeO + SiF 4 = SiO.^ + 2 BeF 2 ; 

2NaF+BeF2-:Na2BeF4. 

The alumina is analogously converted into artificial cryolite, NagAlFg. 
Boiling water extracts the soluble double fluoride of beryllium from 

^ Critical reviews of the methods for obtaining beryllia from beryl have been given by 
Joy, Amer, J. Sci., 1863, [2j, 36 , 83; Ohem, Newa, 8 , 183, 197; Gibson, Trans, 
Chem. Soc.y 1893, 63 , 909 ; Britton, Analyst, 1921, 46 , 359, 437 ; 1922, 47 , 50. 

* Britton, J. Soc, Chem, Ind., 1922, 41 , 351T. See also James, Trans. Amer, Electro- 
chem, Soc„ 1923, 43 , 207. 

® Pollok, T'rans. Boy. Soc. (Dublin), 1904, 2 , 8 , 39. 

* Lebeau, Compt. rend,, 1895, 121 , 641. 

® Gibson, Trans, Chem. Soc., 1893, 63 , 909. 
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the residual mass, and leaves the bulk of the insoluble fluoride of 
alutninium.^ 

The final isolation of pure berjdlia from the emde products of these 
and other methods of extraction from beryl is difficult, and many modern 
improvements have been made on the older methods, which were often 
very elaborate. 

In a much used method the solution containing the beryllium salt 
and associated impurities is poured into a large (quantity of ammonium 
carbonate solution. Aluminium hydroxide is j)recipitated. Most of the 
iron separates on warming, and the rest is thrown down as sulphide 
by adding ammonium sulphide. On boiling the filtered solution the 
beryllium is precipitated as basic carbonate. This precipitate is easily 
washed, and very suitable for coiwersion into other salts of the metal.*^ 
In this method appreciable quantities of beryllium hydroxide are 
carried down by the aluminium hydroxide, and the beryllium pre- 
cipitate is contaminated with aluminium hydroxide.^ 

The original method employed by Vauquelin, precipitation of 
beryllium hydroxide from its solution in potassium hydroxide (or 
sodium hydroxide) by boiling, has been a constant subject of contro- 
versy. Several workers have obtained good results by this method, 
but others concluded that it was quite unreliable.'^ Britton decided 
that this method affords a satisfactory separation of beryllium hydroxide 
if the following conditions are observed : — 

1. The solution, which should not contain more than about 0*8 grm. 
BeO and 0*4 grm. AlgOg, should be evaporated to 25 (;.c., brought to 
room temperature, and the })reeipitated hydroxides just redissolvcd by 
adding QN NaOM, The beryllium hydroxide subsequently deposits 
more slowly and incompletely if excess of the alkali is added. 

2. The solution should then be diluted to 500 c.c. and boiled for 
forty minutes. Longer boiling may jnecipitatc some aluminium 
hydroxide. 

3. The precipitate should then be filtered off at once to avoid re- 
solution of any beryllium hydroxide and decomposition of the sodium 
alurninate.’’ 

Other methods are — 

(a) The hydroxides of beryllium and aluminium, precipitated by 
ammonia, are suspended in a concentrated solution of ammonium 
chloride. If the solution is boiled till ammonia is evolved, the beryllium 
hydroxide is completely dissolved, while the aluminium hydroxide is 
not attacked. This method is tedious, and even with careful attention 
to conditions is probably not quantitative.® 

{h) The hydroxides of beryllium and aluminium arc dissolved in 
sulphurous acid or ammonium sulphite and the solution boiled till the 
sulphur dioxide has been expelled. Aluminium hydroxide is precipi- 

1 Copaux, Compt. rend., 1919, i 68 , 610. 

* Parsons and Bamos, J. Anier, Chem. JSoc., 1906, 28 , 1589; Parsons and Roberts, 
Science, 1906, 24 , 39. 

* Britton, Analyst, 1921, 46 , 437. 

* Vauquelin, Ann. Ohim. Phys., 1798, 26 , 155 ; Gmelin, Pogg. Annalen, 1840, 50 , 175 ; 
Weeren, Pogg. Annalen, 1854, 92 , 91 ; Habor and van Oordt, Zeitsch. anotg. Chem., 
1904, 38 , 377 ; Wunderand Ch61adze, Ann, Ghim. anal., 1911, 16 , 205. 

^ Britton, Analyst, 1921, 46 , 362. 

* Weeren, Pogg. Annalen, 1854, 92 , 101 ; Penfield and Harper, Amer. J. Set., 1886, 
iii, 32 , 110 ; Britton, Analyst, 1922, 47 , 50. 
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tated and the beryllium remains in solution. All the alumina is pre- 
cipitated, but it adsorbs some beryllia.^ 

(c) Sodium carbonate precipitates nearly all the alumina from a 
solution containing aluminium and beryllium salts, and the beryllium 
remains in solution. ^ 

V (d) Pollok, after fusing beryl with sodium hydroxide and separating 
the silica, precipitated the aluminium as chloride by saturating the 
solution with hydrogen chloride. Havens originally dissolved the co- 
precipitated hydroxides of aluminium and beryllium in hydrochloric 
acid and concentrated to about 10 c.c. The solution, which did not 
contain more than 01 grm. of the respective oxides, was mixed with 
an equal volume of ether and saturated with hydrogen chloride. After 
filtering off the aluminium chloride the beryllium can be })recipitated 
from the filtrate by ammonia. The separation Irom aluminium is 
complete.® 

(e) The methyl amines and ethyl amines ])rceipitate beryllium 
hydroxide and retain aluminium hydroxide in solution. Precipitation 
can be effected from either nitric acid or hydrochloric acid solution 
of the two earths, but the beryllium hydroxide preeij)i tated is very 
gelatinous, and probably adsorbs much alumina.^ 

(/) Beryllium can also be sc}}arated through its basic acetate. The 
basic acetate is dissolved away from other elements, including iron and 
aluminium, by hot glacial acetic acid ^ or chloroform.^ According to 
one method, beryllium-containing minerals are heated with acetic acid, 
the beryllium converted, by a second treatment with acetic acid, into 
a form soluble in chloroform and extracted with that solv^ent.'^ 

V (g) Parsons and Barnes treated the hydrochloric acid solution of 
the beryllium hydroxide with sodium bicarbonate. This precipitates 
aluminium hydroxide and retains beryllium in solution, as described 
under the estimation of beryllium (p. 31).® 

The two preliminary treatments, (A) and (B), have been variously 
combined with the different methods of final isolation. Britton obtains 
from beryl a solution of beryllium sulphate, as described in (A), throws 
down “ crystalline ” beryllium hydroxide by treating the solution with 
sodium hydroxide and boiling, as previously dcscrilxxl, and dissolves 
it in nitric acid. The solution is boiled to oxidise any iron, cooled, 
neutralised, diluted, and saturated with sodium bicarbonate. On boil- 
ing for half a minute, with vigorous stirring, any ftTric or aluminium 
hydroxide precipitates completely, and pure beryllium hydroxide can 
be separated from the filtrate by ammonia. The sodium hydroxide 
process may be omitted, but care is then needed to prevent the 

^ Berthior, Ann. Chirn. Phys.y 1843, [3], 7 , 74; Britton, Analyst, 1921, 46 , 440. The 
use of sodium thiosulphate aj)pears to be unsatisfactory (Britton, A'nalysl, 1922, 
47 , 64). 

* Hart, J. Amer. Ghent. Soc., 1895, 17 , 604 ; Parsons, ibid., 1904, 26 , 721 ; Britton, 
Analyst, 1921, 46 , 442. 

® Havens, Ghent. News, 1897, 76 , 111 ; Pollok, Trans. Ghem. Soc., 1904, 85 , 603 ; 
Parsons and Barnes, J. Aimr. Ghem. tioc., 1906, 28 , 1589 ; Britton, Analyst, 1922, 47 , 55. 

* Renz, Ber., 1903, 36 , 275 ; Britton, Analyst, 1922, 47 , 57. 

* Parsons and Barnes, J. Amer. Ghem. Soc., 1906, 28 , 1589 ; Parsons and Robinson, 
ibid., 555. 

* Haber and van Oordt, Zeitsch. anorg. Ghem., 1904, 40 , 465. 

’ German Patent, 155466 (1903). 

* Bran and van Oordt, J. Soc. Ghem. Ind., 1906, 25 , 1147 (French Patent, 367861 
(1906)). 
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aluminium hydroxide from carrying down some hydroxide of 
beryllium.^ 

Preparation of Metallic Beryllium. — Bussy'^ and Wohler,^ 
working independently, first isolated the metal in an impure state by 
decomposing the anhydrous chloride with potassium. 

Sodium may be used instead of potassium,^ and the simple chloride 
may be replaced by the double fluoride of potassium and beryllium, 
2 KF.BeF 2 .^ About 1883 it was discovered that metallic beryllium can 
be obtained by electrolysing this double fluoride, though the halides of 
beryllium do not conduct electricity in the pure state.® 

Subsequently, a fused mixture of beryllium chloride and sodium 
or ammonium chloride was electrolysed,^ and Lebeau electrolysed the 
double fluoride of sodium and beryllium in a nickel crucible. The 
anode was a rod of graphite, and the crucible itself acted as cathode.® 
Beryllium minerals can be electrolysed in the presence of fluorine or 
one of its compounds : halogen compounds of the alkalies or alkaline 
earths may be added.® 

The electrolytic method is now generally used ; it consists essentially 
of electrolysing beryllium compounds in the presenee of fluorides, and 
its development is largely due to Lelx*au. 

Attempts to reduce beryllium oxide with magnesium have not been 
very successful.^® The converse reaction 

Be+MgO-BeO+Mg 

occurs more readily.^ ^ 

The metal can be purified by volatihsation in hydrogen. Oestcr- 
held, in 1916, claimed to have secured metallic beryllium of 99*5 per 
cent, purity. 

Physical Properties of Beryllium. — Metallic beryllium was first 
obtained as a dark grey })owd(*r by reducing its chloride with potassium.^® 
The product of such reduction methods is usually a similar powder, 
though crystals of the metal sometimes occur.i'^ It assumes “ a bright 
grey or white metallic lustre under the burnisher.” 

The metal produced by electrolysis is crystalline, with a bright 
metallic lustre.® It crystallises in prismatic and tabular forms of the 
holohedral division of the hexagonal system,^® and the density of the 
crystals is 1*842.1’ density agrees closely with the 1*85 at 20 '' C. 

^ Britton, J, Soc, Chevi. I7id., 1922, 41, 351T. 

® Bussy, Dingl. poly, 1828, 29, 466. 

** Wohler, Pogg, Annalen, 1828, 13, 577. 

Debray, Ann. Chim. Phys., 1855, [3J, 44, 5 ; Reynolds, Phil. Mag., 1876, [5], 3, 38 ; 
Nilson and Pettorsson, Ann. Chim. Phys., 1878, [5], 14, 427 ; Humpidgo, Phil. Tram., 
1883, 174, ii, 601 ; Pollok, Trans. Chem. Soc., 1^4, 85, 603. 

® Humpidgo, loc. cit. ; Krtiss and Moraht, Ber., 1890, 23, 727. 

« Humpidge, loc. cit. ; Eichter and Jablczynski, Ber., 1913, 46, ii, 1604. 

^ Borohers, Chem. Zentr., 1895, 2, 13 ; Zeitsch. Elektrochem., 1895, 2, 40. 

® Lebeau, Gompt. rend., 1898, 126, 744. 

• Liebmann, J. JSoc. Chem. Ind., 1899, 18, 282 (English Patent, 3497). 

Kriiss and Moraht, Annalen, 1890, 260, 161 ; Ber., 1890, 23, 727 ; Winkler, Ber., 
1890, 23, 120. 

Fiohter and Brunner, Zeitsch. aimrg. Chem., 1915, 93, 84. 

Oesterheld, ibid., 1916, 97, 1. 

Wohler, Atm. Chim. Phys., 1828, [2J, 39, 77. 

Humpidge, Proc. Boy. Soc., 1885, 39, I ; Kriiss and Moraht, Ber., 1890, 23, 727. 

Pollok, Trans. Chem. Soc., 1904, 85 , 60i 

Brogger and Ilink, Ber., 1884, 17, 849. 

Hohter and Jablozyhski, ibid,, 1913, 46, ii, 1604. 
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determined on the metal produced by reduction of the chloride with 
sodium.’^ Lebeau’s electrolytic crystals had a density of 1*73 at 

The small crystals thus obtained cannot be melted together because 
a coating of oxide prevents coalescence. To obtain a regulus they are 
compressed and heated in a non-oxidising atmosphere. The frcslily 
filed metal has a steel-grey colour. Its melting-point is 1280 C. 
(Oesterheld gives 1278^:5° C.®); it scratches glass, is brittle at ordinary 
temperatures, ductile at higher, and its specilic electrical conductivity 
is 5-41 X 10^ reciprocal ohms.^ 

Pollok deduced from some of his experiments that beryllium 
volatilises without fusion under atmospheric pressure.^ It is said to 
volatilise readily at 1530® C. under 5 mm. pressure in hydrogen.^ 

Humpidge ’ expressed the relationship between the specilic heat and 
temperature (t) in the formula — 

Specific heat -=0-3750+ O OOlOGt - 0-000001 14t2. 

Its atomic volume has been given as 5-20 ® and its approximate 
heat of fusion as 341 

It is probably a “ simple element,” ^ and its band spectrum resembles 
that of aluminium.^® 

The stronger lines in the spectrum of beryllium in decreasing order 
of wave-length (Rowland) arc as follows -~ 

Spark : 4572-9, 3321-5, 3321-2, 3131-2, 3130-0, 2050-7, 2494-7, 2348-7. 

Arc : 4572-9, 3321 -5, 3321 -2, 31 31 -2, 31 30-0, 2050-7, 2494-7, 2348-7. 

Chemical Properties of Beryllium. — Beryllium is chemically 
intermediate between magnesium and aluminium. The metal is un- 
affected by dry air at the ordinary temperature, but burns brilliantly 
to the oxide when heated. ^ 2 , i3 water has very little action on it, 

though hot water slowly converts it into the hydroxide. Wohler 
originally stated that water had no action on it at all : a surface film 
of oxide probably protects the mctal.^ Dilute acids dissolve it with 
evolution of hydrogen. Ammonia does not attack it, but caustic 
alkalies act on it similarly to aluminium, though some investigators say 
that the vigour of the attack has been exaggerated.^ Beryllium sul- 
phate and sulphur dioxide are produced by the action of hot concen- 
trated sulphuric acid .^2 Concentrated nitric acid has hardly any action ; 
at higher dilutions beryllium nitrate is formed and nitric oxide evolved. 

Beryllium partially decomposes silicon tetrachloride at 270°--370® C.,^^ 

' Humpidge, Proc. Hoy, Soc., 1885, 39 , 1. 

2 Lebeau, Ann, Chim, Phys,, 1899, [7], i 6 , 457. 

® Oesterheld, Zeitach, anorg. Ghem., 1916, 97 , 1. 

* Fichter and Jablczyhski, Ber,, 1913, 46 , ii, 1604. 

® Pollok, he. cit. ^ 

® Fichter and Brunner, Zeitsch. anorg, Ch-em., 1915, 93 , 84. 

’ Humpidge, he, eit. 

® Ephraim, Ben, 1912, 45 , i, 1322. 

• Thomson, Phil, Mag., 1921, [ 6 ], 42 , 857. 

de Boisbaudran and de Gramont, Compt. rend., 1911, I53» 318. 

Watts, Index of Spectra, Appendix U, 1911 (Wesley & Son, London ; Abel Hey- 
wood & Son, Manchester). See Rowland and Tatnall, J. Astroph., 1895, i, 14. 

Wohler, Ann. Chim. Phya., 1828, [2], 39 , 77. 

Lebeau, ibid., 1899, [7], 16 , 467. 

Rauter, Anrutlen, 1892,]27o, 235. 
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and combines directly witli fluorine, chlorine, bromine, ^ iodine, ^ and 
sulphur.^’ ^ Its combination with hydrogen is doubtful ; ® at electric- 
furnace heat it combines with carbon,*^ boron, and silicon,^ and above 
900'" C. with nitrogen.'^ 

Equivalent, Valency, and Atomic Weight of Beryllium.— 

Anodc-ray analysis indicates that beryllium is a “ simple clement 
with an atomic weight of 9 0±fl’l (Na— 23).® Other modern supj)le- 
mental methods of verifying atomic weights, such as the transparency 
of beryllium oxide to X-rays,® indicate a similar value. Modern 
methods of cheeking valency, such as the precipitation of colloidal 
arsenic sulphide by beryllium salts, also indicate that the clement is 
divalent. 

Up to 1885 o])inion swayed between the trivalency and divalency 
of beryllium. Berzelius, controverting Vauquelin, wrote its oxide 
BegO,^ and its atomic weight 13*7 (0 — 10), i,e, three times its equivalent. 
Awdejew and Debray supported the earlier view. Berzelius con- 
sidered bcryllia to be an analogue of alumina because ammonia pre- 
cipitated its hydroxide from solutions of its salts, because it was in- 
soluble in acids after calcination, and because alumina could be replaced 
by beryllia in some mineral species. When beryllium chloride was dis- 
covered by Bose it appeared to be very similar to aluminium chloride, 
and whc ‘11 Wohler isolated the metal it seemed to be analogous to 
aluminium.^® 

Analogies between beryllium and aluminium constantly appear — 
their band spectra, for examjfle, are very similar.^^ Humpidge noted, 
in 1883, that the two metals both formed stable double fluorides with 
potassium and sodium. He also commented on the tendency of beryl- 
lium to form basic compounds. 

Awdejew failed to obtain a double sulphate of beryllium and 
potassium analogous to potash alunj, and concluded that the com- 
position of many minerals containing ])eryllium indicated the formula 
BeO for beryllia. Debray, reviewing the evidence, decided that, though 
it was indecisive, beryllia should l>e regarded as similar in constitution 
to magnesia rather than to alumina.^® 

Since an atomic weignt of about 9 fitted beryllium comfortably into 
the periodic systc^m of Mendel eef and Lothar Meyer, subsequent chemists 
usually accepted this value,^^ and Reynolds, in 1876, confirmed it by 
a determination of the atomic heat.^® Atterberg, two or three years 
before, had urged the determination of the specific heat of the metal, 
since the formulation of some beryllium compounds seemed to require 
the formula BeO for beryllium oxide.^® 

^ Lebeau, Ann. Chini. Phys., 1899, [7], i 6 , 457. 

2 Debray, ibid., 1865, [3], 44 , 5. 

» Wohler, ibid., 1828, [2], 39 , 77. 

* Biltz, Zeitsch. anorg. Chem., 1913, 82 , 436. 

^ Winkler, Ber., 1891, 24 , 1966. ® Lebeau, Compt. rend., 1896, 121 , 496. 

^ Fichter and Brunner, Zeitsch. anorg. Ghem., 1915, 93 , 84. 

® Thomson, Phil. Mag., 1921, [ 6 ], 42 , 867. 

® BenoLst and Copaux, ComjA rend., 1914, 158 , 859. 

Galecki, Zeitsch. Elektrochem., 1908, 14 , 467. 

Humpidge, Phil. Trans., 1883, 174 , ii, 601. 

Awdejew, Ann. Chim. Phys., 1843, [3], 7 , 166. 

*3 Debray, ibid., 1856, [3], 44 , 6 . 

de Boisbaudran and de Gramont, Compt. rend., 1911, 153 , 318, 

Reynolds, Phil. Mag., 1876, [5], 3 , 38. Atterberg, Ber., 1874, 7 , 472. 
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It was, however, difficult to obtain pure beryllium, and experimenters 
found specific heats which pointed alternately to about 9 and 13*5 as 
the atomic weight. The results of Nilson and Pettersson, in 1878, 
favoured the higher value. ^ Jlrauner, convinced that Mendeleeff’s 
Periodic Law fixed the atomic weight of beryllium at the lower value, 
suggested a rise of the specific heat with temperature, and noted the 
importance of obtaining the vapour density of some volatile compound 
of beryllium.^ Reynolds re])eated his owm determination, and defended 
his results against Nilson and Pettersson.® Humpidge, however, 
summed up in their favour : reviewing the available data which bore 
on the atomic weight of beryllium, and arguing that experimental results 
must outweigh Lothar Meyer’s “ theoretical conceptions arising from 
a consideration of Mendeleeff’s }>eriodic law.” ^ Humpidge subse- 
quently determined the specific heat of beryllium, confirmed the higher 
value for its atomic weight,^ and, continuing to prefer practical results 
to theoretical conceptions, remarked that the result was “ unfortunate 
for the periodic law.” ® 

Two years after, in 1885, Humpidge agreed to accept the number 
which “ satisfies the requirements of the periodic law,” and recognised 
the “ due importance ” of the “ periodic arrangement.” He discovered 
that the variation in the specific heat of beryllium with the temperature 
threw doubt on any deduction of its atomic weight. The specific heat 
of beryllium increases rapidly to 400° C., and then remains very constant 
at about 0 02 between 400° C. and 500° C. This constant value agrees, 
according to the Law of Dulong and Petit, more closely with an atomic 
weight of about 9*1 than with one of about 13*5. The vapour densities 
of beryllium chloride and bromide decided the issue, and Humpidge, 
after determining them, represented the two compounds as BeClg and 
BeBr 2 , “in which the metal is a dyad, and has the atomic weight 9*1.” ’ 
Nilson and Pettersson had, the year before, obtained a similar result 
for the chloride,® and after they verified their result,® beryllium may 
be said to have been confirmed in its divalency and its atomic weight 
of about 9*1. Three years after, in 1889, Mendeleeff publicly established 
beryllium in its present position in the Periodic Table. 

Rosenheim and Woge confirmed the results of the vapour-density 
method by determining the molecular weight of beryllium chloride in 
pyridine. They also described a number of reactions which pointed 
to the divalency of beryllium. Glassmann has also confirmed its 
divalency through the molecular weight of the anhydrous picrate.^® 

Mallard observed, in 1889, that crystallised beryllia was isomor- 
phous with crystallised zinc oxide — an indication that beryllium is 
divalent like zinc. The evidence from isomorphism is, however, not 

^ Nilson and Pettersson, Ann. Chim. Phys., 1878, [5], 14 , 427 ; Ber.f 1878, ii, 381. 

* Brauner, Ber., 1878, ii, 872. 

® Reynolds, Chem. News, 1880, 42 , 273. 

* Humpidge, ibid., 42 , 261. 

® Humpidge, Proc. Roy. 80 c., 1883, 35 , 137. 

® Humpidge, Phil. Trans., 1883, 174 , ii, 601. 

’ Humpidge, Proc. Roy. Soc., 1886, 39 , 1. 

® Nilson and Pettersson, Compt. rend., 1884, 98 , 988. 

® Nilson and Pettersson, Ann. Chim. Phys., 1886, [ 6 ], 9 , 564. 

Mendeleeff, Trails. Chem. 80 c., 1889, 55 , 660. 

“ Rosenheim and Woge, Zeitsch. anorg. Chem., 1897, 15 , 283. 

Glassmann, Ber., 1907, 40 , 3069. 

Mallard, Compt. rend., 1887, 105 , 1260. 
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uniform : beryllium silicotungstates, for example, are isomorphous with 
alimiinium silicotungstates. ^ Retgers denied isomorpiiisin between beryl- 
lium salts and the salts of the metals of the magnesium group. ^ 

In 1895 Lebeau implied trivalency for beryllium by comjiaring its 
carbide to that of aluminium and formulating it as 116403 .^ Henry 
promptly defended the formula BcgC,^ and his conclusion, with the 
implication of divalency for beryllium, is now generally accepted.^ 

In 1904 Pollok suggested that an undiscovered element in Limoges 
beryl, with a higher equivalent than beryllium and similar properties 
to it, had confused many of the results in determining the atomic 
weight of beryllium.® This suggestion, however, has not matured.’ 

Tanatar, about the same time, suggested quadri valency for beryl- 
lium and an atomic weight of 18-2, because some of its compounds 
appear to have the constitution R 3 \ BcORe i R 3 , and because its 
specific heat at low temperatures is more suited to an atomic weight of 
18'2 than to a lower value.® Glassmann criticised his conclusion,® and 
such dissent may be said to be now negligible. The vapour densities 
of beryllium acetylacetonate ^ and basic beryllium acetate^® confirm 
the atomic weight as about 9. 

The earlier determinations were usually made from the ratio 
BeO : BaS 04 .^^ Debray analysed tlu‘ double oxalate, Be(NH 4 ) 2 . 
((^ 204 ) 2 , and obtained the ratio 4 CO 2 : BeO — 100 : 14-41. This result, 
corrected for the atomic weights O - -IG and C — 12-003, gives an atomic 
weight of 9-36. 

Previous to 1922, the most reliable determinations, recalculated 
from the fundamental values 0-- 16-000, S -32-065, C-- 12*003, and 
IL~i 00762, were as follows : — 

(a) Nilson and Pettersson,^® ignition of sulphate, BeS 04 . 4 ll 20 : 
BeO=ri-100 : 14-169 (mean of four determinations), atomic wTight 9-113. 

(b) Kruss and Moraht,^^ ignition of sulj)hate, BeS 04 . 4 ii 20 : BeO 
“-100 : 14-144 (mean of sixteen determinations), atomic weight 9-061. 

(c) Parsons, ignition of acetylacetonate, 116 ( 0511702)2 : BeO = 100 : 
12-112 (mean of seven determinations), atomic weight 9-101. 

(d) Parsons,^® ignition of basic acetate, Be40 (€ 211302 ) 6 : 4BeO = 100 : 
24-698 (mean of nine determinations), atomic weight 9-108. 

Concordant results for the equivalent of beryllium have formerly 
been difficult to obtain from the chloride, because it is difficult to purify 
completely.^® In 1922, however, Honigsehmid and Birckenbadi worked 

’ Gombes, Gompt, rend., 1894, 119 , 1221. 

* Retgers, Zeitsch. physikal. Chem., 1896, 20 , 481. 

^ Lebeau, Gompt. rend., 1895, 12 1 , 496. 

* Henry, ibid., 600. 

® Fichter and Brunner, Zeitsch. anorg. Ghem., 1915, 93 , 84. 

® Pollok, Trans. Ghem. 80 c., 1904, 85 , 1630. 

’ See Parsons, J. Amer. Ghem, 80 c., 1905, 27 , 233. 

* Tanatar, J. Rilss. Phys. Ghem. 80 c., 1904, 36 , 82 ; 1906, 38 , 850. 

® Glassmann, Ghem. Zeit,, 1907, 31 , 8 . 

Urbain and Laoombe, Gompt. rend., 1901, 133 , 874. 

Awdejew, Ann. Ghim. Phys., 1843, [3], 7 , 155 ; Weeren, Pogg. Annalen, 1854, 92 , 91 ; 
Klatzo, Bull. 80 c. chim., 1869, [2], 12 , 131. 

Debray, Ann. Ghim. Phys., 1856, [3], 44 , 5. 

” Nilson and Pettersson, Ber., 1880, 13 , 1451. 

Kriiss and Moraht, Annalen, 1891, 262 , 38. 

Parsons, J. Amer. Ghem. 80 c., 1904, 26 , 721. 

Pollok, Trans, Ghem. 80 c., 1904, 85 , 1630. 
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with pure beryllium chloride prepared by heating the highly purified 
oxide with carbon in a current of chlorine. They obtained the ratio 
BeClg : 2Ag“0-370405 : I from thirteen determinations, and the ratio 
BcClg : 2AgCl “0*278825 : 1 from five. Both ratios gave Be— 9*018, 
if Ag=- 107*88 and Cl---85*457.i 

The International Committee on Atomic Weights for 1925 ^ has 
adopted the value 

Be=9-02. 


ALLOYS OF BERYLLIUM. 

Alloys of copper and beryllium can be prepared by heating an inti- 
mate mixture of the oxides, in suitable jiroportions, with carbon in an 
electric furnace. Low percentages of beryllium impart a yellow colour ; 
with higher percentages the alloys tend to become white. Small 
amounts of beryllium also make the metal very sonorous : even 0*5 
per cent, of beryllium makes the alloy sonorous and yellow. An alloy 
containing 1*32 per cent, of beryllium is golden yellow, highly sonorous, 
and can Ijc readily filed or forged. Alloys with 10 per cent, arc nearly 
white ; those with 5 p(*r cent, are more yellow, easily filed or forged, 
malleable, unaltered by air, tarnished by hydrogen sulphide, and soluble 
in nitric acid.^ 

Alloys of beryllium with other metals can be prepared by a similar 
method, or by electrolysing double beryllium-sodium lluoridcs in a 
carbon crucible, which acts as anode, containing the other metal in a 
state of fusion.^’ ^ 

The eutectic systems of beryllium with iron, silver, co]>pcr, and 
aluminium have been investigated by Oesterheld. It appears to be 
im{)ossible to alloy beryllium and magnesium, since the latter boils 
below the mclting-|)oint of the former.^ 

COMPOUNDS OF BERYLLIUM. 

Beryllium yields only one series of salts, derived from one oxide. 
Unanimity is not yet absolute, but beryllium is almost universally 
regarded as BeO, and the salts as containing divalent beryllium. No 
acid salts arc known, but the existence and nature of basic salts have 
been vexed qu(\stions. In 1906, Parsons and Robinson commented on 
the necessity either of “ exact equivalents of anion and cation,” or of 
“ excess of the acid component,” in preparing “ definite crystalline 
compounds ” of beryllium.® 

Normal salts of beryllium have an acid reaction in aqueous solution. 
These aqueous solutions can dissolve relatively large quantities of 
beryllium oxide. The oxide, or hydroxide, is probably soluble, in the 
ordinary sense of simple solution, in solid beryllium salts, as camphor 
is soluble in acetic acid, and also soluble in dissolved beryllium salts, 


1 Honigsehmid and Birckenbach, J5er., 1922, 55 , [B], 4. 

2 J. Amer, Chem. Soc.^ 1925, 47 , 697. 

® Lobeau, Compt, rend.^ 1897, 125 , 1172. 

• Lebeau, ibid., 1898, 126 , liA, 

^ Oesterheld, Zeitsch. anorg. Chem.f 1916, 97 , 6 . 

® Parsons and Robinson, J. Amer. Chem. Soc., 1906, 28 , i, 665. 
VOL. m. : II. 
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as camphor is soluble in aqueous acetic acid.^ There is usually very little 
hydrolysis in dissolved beryllium salts, ^ though the chloride, bromide, 
iodide,*^ and nitrate ^ arc strongly hydrolysed, and the hydrogen ion 
concentration is reduced virtually to zero by adding very much less 
beryllia than the solutions will dissolve.® Solutions of beryllium 
hydroxide in aqueous beryllium sulf)hatc are not markedly eolloid«al, 
and do not contain IxTyllium in a complex anion. The solution of the 
hydroxide also raises the frcezing*j)oint and lowers the conductivity.® 

Residues of very varying basicity are obtained by evaporating solu- 
tions of beryllium salts. The basic acetate,^’ and some other basic 
salts of organic acids, are definite, and remarkably stable, substances. 
Rut a large number of the basic salts described are probably indefinite 
basic phases.® 

Solutions of beryllium salts are ai)pareiitly sweet in proportion to 
their cation concentration.^® 

Beryllium Hydride. — ^Viiikler has described a very impure 
hydride which evolves hydrogen in contaett with hot water and gives a 
hydrogen flame on heating. Its existence, which was mainly deduced 
from an absor])tion of gas when beryllia and })owdered magnesium were 
heated in an atmosj)here of hydrogen, is doubtful. 

BERYLLIUM AND THE HALOGENS. 

Beryllium Fluoride. — Berzelius dissolved beryllium hydroxide 
in hydrofluoric acid, ( vaporated to dryness, and dried the residue at 
100° C. Lebeau showed that this residue always retained water, and 
left an oxy fluoride, 5BeF2.2BeO, on heating to redness. This solid 
oxyfluoridc is colourless, almost transparent, soluble in water, and has 
a density of about 2-01 at 15'' C. 

The original moist residue is converted into anhydrous beryllium 
fluoride by heating in a current of hydrogen fluoride. Lebeau also 
obtained anhydrous beryllium fluoride by igniting the dry double 
fluoride of ammonium and beryllium, BeF 2 . 2 NH 4 F, in a current of 
carbon dioxide. It is a vitreous solid, with a density of 21 at 15" C. 
It softens on heating, becomes fluid at about 800° C., finally volatilises, 
and forms a crystalline sublimate. It is deliquescent, soluble in water 
in all proportions, slightly soluble in absolute alcohol, converted into 
an oxyfluoridc by oxygen, and readily decomposed by sulphuric acid. 
Sodium, potassium, lithium, and magnesium, w^hen heated with anhy- 
drous beryllium fluoride, combine with the fluorine and set metallic beryl- 
lium free. Hydrofluoric acid does not dissolve it.^® 

^ Parsons, J. Physical Chem., 1907, ii, 660. 

2 Ley, Zaitsch. physikal, ChenL, 1899, 30 , 218 ; Bruner, Zeitsch. phyaikal, Chem., 
1900, 32 , 133. 

” Parsons, .7. Amer. Chem. Soc., 1904, 26 , 721. 

* Parsons, 1906, 25 , 40k 

® Parsons, J. Amer, Chem,. Soc., 1904, 26 , 1433. 

® Parsons, Robinson, and Fuller, J. Physical Chem., 1907, ii, 055. 

’ Urbain and Lacombe, Compt. rend., 1901, 133 , 874. 

* Lacombe, ibid., 1902, 134 , 772 ; Tanatar, Ber., 1910, 43 , 1230. 

* Parsons and Robinson, J , Amer. Chem. Soc., 1906, 28 , i, 655. 

Ilober and Kicsow, Zeitsch. physikal. Chem., 1898, 27 , 601. 

Winkler, Ber., 1891, 24 , 1966. 

Berzelius, Pogg. Annahn, 1823, i, 22, 196. 

Lebeau, Compt. rend., 1898, 126 , 1418 ; Ann. Chim. Phys., 1899, [7], 16 , 457. 
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Beryllium Chloride. — Beryllium chloride, BcClg, has played an 
important part in the history of beryllium. It was the first source of 
the m(‘tal,^ and the discovery that its va])our density between 490^' 
and 1520"^’ C. corresponded to the formula BeClg, was fundamental for 
the discussion over the valency and atomic wcii,dit of the element.^’ ^ 
The formula has been confirmed by the molecular weight of beryllium 
chloride in pyridine.^ 

Anhydrous beryllium chloride is a white crystalline solid, of density 
1-8995 at 25" C.,® which melts at about 440" C. and boils at about 
520" CJ The fused chloride! is a non-conductor.® It deeom})oses 
when heated in the pr(‘senc<‘ of air, but volatilises without deeom[)6sition 
if water and air are absent.® 

It dissolves violently in water with loss of hydrogen chloride. With 
('ther it forms a compound, BeCl 2 . 2 Et 20 ,® and dissolves r(‘adily in 
alcohol but not in cliloroform, carbon tetrachloride, benzene, or sul})hur 
diehloride. The ielrahydrate can be obtained by treatment with 
hydrogen chloride and (‘tluT : alcohol can re])lace the ether in pre- 
paring it.^^ Anhydrous beryllium chloride forms compounds with many 
organic bases.®’ 

Beryllium (‘hloride is easily prepared in solution by dissolving the 
oxide or hydroxide in hydrochloric acid. When such a solution is 
evaporated down liydrogen chloride passes off and a gummy basic mass 
is left. The ])ur(! chloride can only be ])re})ared by methods which 
exclude the jwesence of wat(‘r.^® 

Anhydrous beryllium chloride has been prepared by five [)rincipal 
mcithods. A very pure product was obtained by the action of hydrogen 
chloride gas on the metal. It has also been prepared by tlie action 
of carboTi tetrachloride on red-hot beryllia,^^ by passing chlorine and 
sulphur chloride va})Our over the heated oxide, and by the action of 
chlorine or hydrogen chloride on the heated carbide. Most workers 
heated a mixture of IxTyllium oxid(! and carbon in a current of 
chlorine.^®’ 20 Mieleitner and StcinuK^tz say that hydrous beryllium 

^ Bussy, Dingl. 2>oly. «/., 1828, 29, 466; Wtililor, Pogg. Amnlrn, 1828, 13, 577. 

^ Nilson and PetttTsson, Com/pt. rend., 1884, 98, 088. 

“ Jfnmpidgo, Proc. Boy. Boc.^ 1885, 39, .1. 

* Nilson and Pottersson, A mi. CMm. Phya.^ 1886, f6], 9, 554. 

Rosenheim and Wog(\ Zeitsch. ariorg. Chrm.., 1897, 15, 28,3. 

” Honigsclimid and Birckenba(;li, Ber., 1922, 55, [BJ, 4. 

’’ Pollok, Trans. Chem,. Bor., 1904. 85, 603. 

Lebeau, Ann. Chiw. Phys., 1899, [7J, 16, 457. 

» Atterberg, Brr., 1875, 9, 856. 

Awdejew {Ann. Chmi. Phys., 1843, |3], 7, 155) rei)ortcd this compound. Parsons 
subsequently denied the existence of the tetrahydrate {J. Amrr. Ckem. Hoc., HK)4, 26, 
721), but Steinmetz succeeded in preparing it five years later and Parsons accepted the 
correction (Parsons, The Chemistry arid Literature of Beryllium Chemical Publishing 
Co., Easton, Pa. ; Williams & Norgatc, London), 1909, p. 9). 

“ Mieleitner and Steinmetz, Zeitsch. anorg. Chem., 1913, 80, 71. 

Lacorabe, Compt. rend., 1902, 134, 772. 

Parsons, J. Amer, Chem. Hoc,, 1904, 26, 721. 

Nilson and Pettersson, Ann. Chim. Phys., 1886, [6], 9, 554. 

Meyer (Lothar), Bcr., 1887, 20, 681. 

Bourion, Compt. rend., 1907, 145, 02. 

Lebeau, ibid., 1895, 121, 496. 

Rose, Pogg. Annahn, 1827, 9, 39; Wohler, ibid., 1828, 13, 677 ; Awdejew, ibid., 1842, 
56, 100 ; Debray, Ann. Chim. Phys., 1855, [31, 44, 5 ; Klatzo, Bull. Hoc. chim., 1869, 
[2], 12, 131. Pollok, Trans. Chem. Hoc., 1904, 85, 603. 

Mieleitner and Steinmetz, Zeitsch. anorg. Chem., 1913, 80, 71. 
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chloride, like the comj)ound BeCl2.4H20, cannot be completely de- 
hydrated by heating in dry hydrogen chloride or chlorine.^ 

The sublimed chloride forms a tetra-ammoniate, BeCl2.4NH3, with 
dry ammonia. If the mixture becomes hot the composition of the 
compound approximates to BeClg.^iNHa.^*^ 

Some experimenters have noted an action of beryllium chloride 
upon glass, but Parsons doubts whether it has any action on Jena or 
hard potash glass. A thin film of oxide, produced by traces of moisture, 
might b(i mistaken for corrosion.® 

The follomng thermochcrnical data have been given for beryllium 
chloride : - 

[Be] + (2IIC1 ) - [BeCl 2 ] + (Hg ) + 121-1 Cal . 

[Be;i + (Cl 2 ) -[BeCy+lSS Cal. 

[BeClal+Aq. -BeCl2.Aq.+44-5 Cal.^ 

Beryllium Bromide. — Beryllium bromide, BeBrg, closely resembles 
the chloride. It forms white crystals which melt at about 490° C., and 
begins to volatilise below its melting-point. By distillation in a current 
of carbon dioxide it is obtained quite pure.’’" Its vapour density agrees 
with the formula BeBr 2 .® Water attacks it violently with evolution of 
hydrogen bromide.’' 

It is easily obtained in solution by dissolving beryllium oxide or 
hydroxide in hydrobromic acid. Anhydrous beryllium bromide has 
been pre})ared by the action of bromine or hydrogen bromide on the 
metal,®’®’® by the action of bromine on beryllium carbide,® and by 
passing bromine over a heated mixture of beryllium oxide and carbon.® 

Beryllium Iodide. — ^Bery Ilium iodide, Belg, which is very similar 
to the chloride, occurs in colourless crystals which melt at about 
510° C., boil between 585° C. and 595° C., and sublime very perceptibly 
below their melting-point. Like the chloride and bromide it forms 
compounds with ammonia, organic bases, and ether. It is insoluble in 
most organic solvents except alcohol. It can be sublimed in a current 
of dry carbon dioxide, hydrogen, or nitrogen. Water reacts violently 
with it, with the evolution of hydrogen iodide.® This sensitiveness to 
water makes beryllium iodide very unstable in moist air, and the salt 
is, in genera], very reactive tow^ards chemical reagents; oxygen or air, 
for example, readily decompose it, and it takes fire when heated to 
near redness in oxygen. 

Beryllium iodide was first prepared by acting on beryllium with 
iodine ; but our accurate knowledge of it is largely due to Lebeau, 
who prepared it in considerable quantity by heating beryllium carbide 
to about 700° C. in a current of hydrogen iodide containing iodine 
vapoilr.^^’^® 

1 Mieleitner and Steinmetz, Zeitach, anorg, Chem., 191.S, 80 , 71. 

* Ephraim, Ber., 1912, 45 , i, 1322. 

® Parsons, J Amer. Chem. Soc., 1904, 26 , 721. 

^ Pollok, Tram. Chem. Soc,, 1904, 85 , 603. 

® Lebeau, Ann. Chim. Phys., 1899, [7], 16 , 457. 

« Humpidge, Proc. Roy, Soc., 1885, 39 , 1 . 

’ Parsons, J. Amer. Chem, Soc., 1904, 26 , 721. 

* Wohler, Pogg. AnnaUn, 1828, 13 , 577. 

* Parsons, J. Amer. Chem. Soc., 1904, 26 , 721. 

Wohler, loc. cit. ; Debray, Ann. Chim. Phya., 1855, [3J, 44 , 5. 

“ Lebeau, Compt. rend., ifos, 126 , 1272. 

Lebeau, Ann. Chim. Phys., 1899, [7], 16 , 457. 
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Double Halides of Beryllium. — ^The following double halides have 
been described : NaP\BeF 2 , 2NaF.BeF2,^’2'® KF.BeFg,^’® 2KF. 
BeF2,i’3’4’® 2 NHiF.BeF 2 ,i’^’« BCCI 2 .AUCI 3 , BeCl2.2AuCl3,7 2 BeCl 2 . 
3HgCl2.6H20,8 SBeClg.TlaCle.® BeClg.CrClg.HaO,® BeCl 2 .FcCl 3 .H 2 O,® 

BeClg.PdClg.GHaO,!® BeCl2.PdCl4.8Il20,ii BeCl2.PtCl2.5H20,i2 BeCL. 

PtCl4.8H20,i3 Be2l6.3Pbl2.1()H20.i^ 

Beryllium Oxyhalides. -The perchlorate, BeC 104 . 4 H 20 , seems 
to be the only oxy halide delinitely known. Attc^rberg mentions the 
decomposition of the chlorate on evaporating its solution. ** lie describes 
the perchlorate as needle-shaped, deliquescent crystals, with 4 molecules 
of water of crystallisation.’ Marignac says it is very deliquescent, and 
only crystallises on (joneentrating its solution to a thick syrup. It is 
prepared by dissolving beryllium hydroxide in excess of perchloric acid 
and concentrating the solution. 

Atterberg refers to a “ gummy mass ” of beryllium iodate ® and to 
a periodate, .‘iBcO.IaO^ + ll or 1311 gO, which is nearly insoluble in pure 
water.’ 


BERYLLIUM AND OXYGEN. 

Beryllium Oxide, BeO, obtained by heating the hydroxide, is a 
white powder wlh(4i is very refractory and, like alumina, becomes 
dillicultly sohible in acids by heating to redness. It can also be obtained 
by heating any beryllium salt containing a volatile acid. Concentrated 
nitric or hydrochloric acid only dissolves it slowly, but concentrated 
sulphuric acid readily converts it into the anhydrous sulphate. It is 
reducible by carbon in the electric Inrnacc, and at a lower tcm])erature 
if cop})er is present. Fluorine vigorously converts it into the fluoride.^® 
It melts at 2450° ±53'" C., and is very volatile near its melting-point.^® 
When bcryllia fuses and volatilises in the el(K*tric furnace it cools 
to hexagonal crystals that arc slightly harder than corundum and are 
isoniorphous with zinc oxide. It can also be crystallised from fused 
alkali silicates.^® At 4° C. its density is about 3; between 0° C. 
and 100° C., its specific heat is 0*247, and it is diamagnetic.^® 

Parsons refers to a “ light and feathery ” oxide of beryllium which 
he obtained by heating a dry mixture of beryllium and ammonium 
chlorides.^® Beryllia obtained by strongly igniting the hydroxide is 

^ Marigna(?, Anri. Chim. Phys., 187.‘{, [4], 30 , 45. 

2 Lebeau, Compt. rertd., 1898, 126 , 744. 

^ Lobeau, Ann. Chim. Phys., 1899, [7], 16 , 457. 

^ Awdejew, Fogg. Anmltny 1842, 56 , 100. 

® Biltz, Zeitsch, anorg. Chem., 1913, 82 , 438. 

** Hdmolt, ibid.y 1893, 3 , 115. 

’ Atterberg, Ber., 1874, 7 , 472. 

“ Atterberg, Bull. Soc. chi 7 n., 1873, 19 , 497. 

® Neumann, Annalen, 1888, 244 , 335. 

AO Welkow, Ber.y 1874, 7 , 803. 

A A Welkow, ihifLy 38. 

A^ Nilson, J. prakt. Chmi.y 1876, 16 , 264. 

A3 Welkow, Bitr.y 1873, 6 , 1288. 

A* Mosmier, Ann. Chim. Phys., 1897, [7J, 12 , 415. 

A3 Lebeau, ibid.y 1899, [7], l 6 , 457. 

FicUter and Brunner, Ztitneh. an&rg. Ctu>m..y 1915, 93 , 84. 

A’ Mallard, Zeitsch, Kryst. Min., 1887, 14 , 605 ; 15 , 650, 

A® Ebelmen, Compt. rend., 1851, 33 , 526. 

A® NUson and Pettersson, Ber„ 1880, 13 , 1459 (density of BeO —3*01). 

“0 Parsons, J. Amer. Chem. 80 c., 1904, 26 , 721 (density of Be0=«2*9640). 
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distinctly hygroscopic.^ In high vacuo bcryllia gives a blue Ihior- 
escence.2 

Parsons ^ was unable to obtain the blue oxide from the ignition of 
the hexahydrated sulphate rcj)ort(^d hy Lcvi-Malvano.^ 

Beryllium Hydroxide, Be(OH)jj, is precipitated as a white 
gelatinous preci])itatc from dissolved beryllium salts by ammonia, 
ammonium sulphide, or caustic alkalies. It dissolves in ammonium 
carbonat(i or excess of alkali solution, and separates from ajiy of these 
solutions on boiling. VaiKpiclin first observed, during an examination 
of the emerald, that the earth deposited from a boiling ]:)otassium 
hydroxide solution was not alumina. The similarities between the 
hydroxides of aluminium and beryllium had prevented their distinction, 
and still make it dittieult to identify, isolate, or estimate beryllia. 
Vauquelin noted a number of differences between beryllia and alumina, 
and realised that the former was mon? basic. ^ The properties estab- 
lished for beryllium and its compounds indicate quite clearly that 
it is more basic than aluminium and less basic than magnesium.^’ 
Beryllium hydroxide is amphotcrif* ; its acid properties are slightly 
stronger than those of zinc, but are very weak.’ 

The carbonates of the alkalies precipitate a product containing some 
carbon dioxide. Boiling expels the carbon dioxide, but the [)recij)ita,te 
usually occludes about 2 per cent, of alkali. Beryllium hydroxide dis- 
soh^c's readily in dilute acids and caustic alkalies, slowly in concentrated 
solutions of sodium bicarbonate or ammonium carbonate, and immedi- 
ately iri a saturated, boiling solution of the l)iearbouate.** Dilution 
preci})itates it from its solution in alkalies- -slowly in tlie cold, ra[)idly 
at lOO"" C, When washed with cold water it goes slowly into colloidal 
solution ; washing with ammonium acetate solution prevents this.^ 
Beryllium hydroxide is more reactive when freshly precipitated 
than after standing or heating in contact with water,^ and it seems to 
lose its colloidal character ra])idly after being precipitated. Thn^e 
forms of beryllium hydroxide have been described ; and when pre- 
cipitated from boiling dilute alkali hydroxide solutions it is granular, 
perhaps crystalline, and not adsorbent.^^ 

The following heats of reaction of the hydroxide with dilute acids 
have been obtained : — 

fBe(OII)2] fH2SO4.Aq.-BeSO4.Aq. I 161 Cal.i’^ 

[Be(OH) 2 ] + 2HCl.Aq. -:BcCL„Aq. | i;3*64 Cal.i^ 
[Be(OH) 2 j+ 2 HF.Aq. -BcFaAq. f 19-683 Cal.i^ 

^ Parwoiis and Barnes, J, Amer. Chetn. tSoc., 1906, 28 , 1589. 

2 CrookoH, Ann. Ohini. Phys.^ 1881, [ 6 ], 23 , 555. 

^ Pareon«, The. Chemistry and Literature of Peryllium (The Clieniical Publishing Co., 
Easton, Pa. j Williams & Norgatc, London), 1909. 

* Lcvi-Malvano, Atti R. Accad. Linceiy 1905, [5j, 14 , ii, 502. 

^ Vauquelin, Ann. Chirn., 1798, [1], 26 , 155, 170, 259. 

® Ley, Zeitsch. physikal. Ohem., i899, 30 , 218. 

’ Hantzsch, Zeitsch. anorg. Chem.f 1902, 30 , 289. 

® Parsons and Barnes, Science, 1906, 24 , 240. 

® Haber and van Oordt, Zeitsch. anorg. Chem., 1904, 38 , 377. 

Bleyer and Muller, Arch. Pharni., 1913, 251 , 304. 

“ Bleyer and Kaufman, Zeitsch. arvorg. Chem., 1913, 82 , 71 ; Brinton, J. Amer. Chem 
Soc., 1916, 38 , 2361. 

Britton, Analyst, 1919, 46 , 437. 

Thomsen, Pogg. Annalen, 1871, 143 , 488. 

Peterson, Zeitsch, physikal. Chem., 1890, 5 , 259, 
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Potassium Beryllate. — Potassium beryllate, Be(OK) 2 , has been 
described as a snow-white mass with a silky lustre. It was prepared 
by dissolving? beryllia in aqueous or alcoholic potassium hydroxide, 
but contained some potassium carbonate. It is very hy^roscx>j>ic anci 
easily hydrolysed by water. There is a similar compound with sodium. ^ 
Beryllium Peroxide. —The btisic peroxide 2Be02.3Be0 + 8Ul20 
has been prepared by acting on a basic beryllium carbonate with 
hydrogen peroxide. It has all the usual proj)erties of peroxides, and 
is moderately stable. ^ 

BERYLLIUM AND SULPHUR. 

Beryllium Sulphide is a white amorphous solid. It can be ])rc- 
pared by heating the anhydrous chloride with sul])hur or hydro^ren 
sulphide. It is also obtained when beryllium carbide is heated at a 
high temperature with sulphur.^’ ^ 

Wohler said it dissolved with difliculty in wat(‘r, without disengaging 
hydrogen sulphide.'* Lebeau said it was decomposed })y water,'* but 
Mieleitncr and Steinnict/. found that even boiling water only decom- 
posed it slightly, though acids, including carbonic acid, acted on it 
readily.^ In contact with concentrated nitric acid it burns brightly 
and sul])hur separates.^ 

Crude beryllium sulj)hide, prepared from the metal and sulphur 
vapour,'* is strongly phosphorescent.® 

Beryllium Sulphate. -Beryllium oxide dissolves in hot concen- 
trated sulphuric acid, and anhydrous beryllium sulphate remains after 
driving off the excess of acid.® According to Taboury, the anhydrous 
sulphate is stable uj) to 530° -540° ('., and can be used I'or estimating 
beryllium.'^ Beryllium sulphate requires strong, continuous heating to 
convert it into beryllium oxide.® It is unchanged in dry air, and requires 
prolonged contacit, or boiling, with water to dissolve it. Th(^ tetrahi/drafe, 
BeS 04 . 4 ll 20 , crystallises out when the concentrat(‘d solution is poured 
into 95 per cent, alcohol ; it can be reerystallised 1‘rom dilute alcohol 
or water.®’ Beryllium sulj)hatc has been recently prepared by treat- 
ing a concentrated solution of the nitrate with sulphuric aend, pouring 
into alcohol, washing the crystals free from acid and recrystallising.® 

The tetrahydrate forms tetragonal tetrahedrii which are doubly 
refracting, negative, uniaxial, and have a density of 1-713 or 1-7125.^® 
It dissolves in its own weight of water and is insoluble in alcohol. Its 
aqueous solution is strongly acid, and, when concentrated, dissolves zinc 
with the evolution of hydrogen. The aepjeous solution is sweet as 
well as acid, and comparison of sulphate with chloride solutions shows 

^ Kriiss and Moraht, i?cr., 1890, 23 , 727. 

* Komarovoski, J. Russ. Phys. Chem. Soc., 1913, 45 , 608. 

® Lebeau, Ann. Chim. Phys., 1899, [7], 16 , 467. 

* Mieleitner and Steinmetz, Zeitsch. anorg. Cimn., 1913, 82 , 92. 

® Wohler, Ann. Chim. Phys., 1828, 39 , 77. 

® Biltz, Zeitsch. anorg. Chem., 1913, 82 , 438. 

^ Taboury, Compt. rend., 1913, 159 , 18(). 

** Britton and Allraand, Trans. Chem. ^Soe., 1921, 119 , 1463. 

® Parsons, J. Anier. Chem. Soc., 1904, 26 , 1433. 

Britton, Analyst, 1919, 46 , 359. 

“ Topsoe, Chew,. Zentr., 1873, 76 ; Topsbe and Christianson, Ann. Chim. Phys., 1874, 
15], I, 6 ; Wulff, Zeitsch. Kryst. Min., 18^, 17 , 592. 

Kriiss and Moraht, Annalen, 1891, 262 , 38. 
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that sweetness dej^ends on cation concentration.^ N /4 to N/^q solu- 
tions hydrolyse from 0*52-0-68 per cent.^ Its heat of solution is 
85-603 Cal.3 

Powdered beryllium sulphate tetraliydrate is stable in air if the 
aqueous vapour pressure is not less than the pressure of its own 
water of crystallisation. It slowly loses water over phosphorous pent- 
oxide,^ and, on heating to lOO'^ C., readily converts into the dihydrate, 
BeS 04 . 2 ll 20 .® This diliydrate resembles the tetrahydrate in appear- 
ance and properties, is stable in dry air at ordinary temperatures, but 
slowly and continuously loses water if the temperature is raised to 
between 100 "^ C. and 110 “ C.‘‘ According to Levi-Malvano it melts at 
158“ C., loses 1 molecule of water, and forms the monohydrateJ Taboury 
confirmed the mono- and di -hydrates, and suggested the possibility of 
obtaining a hemihydrate at 150“-160° C.* 

Marignac obtained a hexahydrote, and Levi-Malvano also ])repared 
it from a supersaturated solution of the sulphate.'^’ ^ Levi-Malvano 
thought, on the evidence of its cry ohyd rate, that no higher hydrate 
can exist. ^ 

Parsons could discover no evidence for Klatzo’s hepta hydrate.^ 

Many basic suljjhates of beryllium have been described, but tliey 
are, apparently, solid solutions of the sulphate in the hydroxide, and 
not definite conij^ounds.® 

Double Sulphates of Beryllium. — Beryllium forms no alum, and 
this fact intimates a difference between beryllium and aluminium which 
was considered by many to indicate that beryllium, like magnesium, is 
divalent. 

The double sulphate, K 2 S 04 .BeS 04 . 2 ll 20 , crystallises out at 25“ C. 
from sujiersaturated solutions containing j)otassium and beryllium sul- 
phates, if the proportion of the latter in the solute lies between 37*2 
and 84*8 per cent.^^ Awdejew, during an attempt to prepare a beryllium 
alum, discovered this salt in 1842 by a simple evajioration of its con- 
stituents in appropriate proportions. crystals are very small, 
white, slightly soluble in cold water and much more soluble in hot.^^ 
Marignac also deserilied them as opaque, hard, and rnamillated.^^ 
Their form has not been determined. 

(NH 4 ) 2 S 04 .BeS 04 . 2 H 20 has been obtained from mixed solutions 
of beryllium and ammonium sulphates. Atterberg originally concen- 
trated a solution containing molecular proportions of the two sulphates 
over sulphuric acid. The salt is very deliquescent. 

Atterberg reported BeS 04 .K 2 S 04 . 2 KIlS 0 , 4 H 20 as needle-shaped 
prisms, and 3 BeS 04 . 2 Na 2 S 04 . 12 H 20 as needle-likc crystals which radi- 
ated in star-shaped groups. Both salts were prepared by evaporat- 

^ Hober and Kiesow, Zeitsch. physikal. Chem., 1898, 27 , GOl. 

» Bruner, ibid,, 1900, 32 , 133. 

^ Pollok, Trans. Chem. Soc., 1904, 85 , 003. 

* Parsons, J. Arner. Chem. Soc., 1904, 26 , 721. 

Atterberg, Bull. Soc. chim., 1873, 19 , 497 . 

« Parsons, J. Amer. Chem, Soc., 1904, 26 , 1433. 

’ JLevi-Malvano, Atti B. Accad. Lincei, [ 5 ], 14 , ii, 502. 

“ Taboury, Compt. rend., 1913, 159 , 180. 

® Levi-Malvano, Gazzetta, 1909, 39 , ii, 438. 

Bebray, Ann. Chim. Phys., 1855, 13], 44 , 5. 

“ Britton and Allmand, Imrans. Chem. Soc., 1921, 119 , 1403. 

Awdejew, Pogg. Annalen, 1842, 56 , 1(X). 

^ Marignac, Ann. Chim. Phys., 1873, [ 4 ], 30 , 46. 
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ing the constituent salts in mixed solution — ^thc former solution being 
strongly acid.^ 

Beryllium Sulphite, BeSOg, is obtained as colourless, hexagonal 
plates when the freshly preci})itatcd hydroxide is added to a saturated 
alcoholic solution of sulphur dioxide, and the resulting solution evapor- 
ated in vacuo over sulphuric acid and alkali. It is decomposed by 
both alcohol and water. 

If the hydroxide is dissolved in aqueous sulphurous acid, evaporation 
leaves a gummy mass of JieSO.,.HeO.“ 

Beryllium Thiosulphate, BeSgOjj.llHgO, is said to result from 
the action of sodium thiosulphate on beryllium sulphate.^ Parsons 
could not confirm it.^ 

BERYLLIUM AND SELENIUM. 

Beryllium Selenate, BeSe 04 . 4 H 20 , is isoniorplious with the 
sulphate, })re[)ared similarly to it, and resembles it in })roperties. 
Its density is 2 03 , and it is converted into tlic dihydrate at 100'' C.® 

BERYLLIUM AND CHROMIUM. 

Glassniaim claimed to have obtained the normal chromate, 
BcCrO^.IIgO, in reddish-yellow, inonoelinie crystals by dissolving the 
carbonates in (ioncientrated cliromic acid, and the yellow basic 
chromate, BeCr04.6Be(011)2, by decomposing this with water.*^ 
Bleyer and Moorman ^ lailecl to obtain them, though solutions were 
obtained containing Be and Cr in the ratio 1:1. They state that 
15BeO.Cr03.12H20 is precipitated by potassium chromate from solu- 
tions of beryllium chloride, however the pro])ortions of these are varied. 

Mallard describes beryllium chromite, Be0.Cr203, as a deej:) green 
powder crystallising like alexandrite. It was prepared by fusing chromic 
oxide with beryllia and boric anhydride.® 

BER^ LLIUM AND MOLYBDENUM. 

Atterberg boiled beryllium hydroxide with molybdic acid and 
obtained BeMo04.Be(0H)2.2ll20 in line, almost insoluble needles.* 

Rosenheim and Wogc, by a similar method, obtained the normal 
molybdate, BeMo04.2ll20, as an oily licpiid whicli solidified into 
slender needles. They also described some complex molybdates con- 
taining beryllium. 

* Atterberg, Bull. JSoc. chim., 1873, 19 , 497. 

* Joy, GJmn. News, 1863, 8 , 183, 197 ; Atterberg, BuU. Boc. chim., 1873, 19 , 497 ; 

Kriiss and Moraht, Ber., 1890, 23 , 727. ^ 

® Eaktor, UAew. Zentr., 1901, [2], 878. 

^ Parsons, The Chemistry and Literature of Beryllium (Williams & Norgate, London , 
The Chemical Publishing Co., Easton, Pa.), 1909. 

® Atterberg, Bull. Soc. chim., 1873, 19 , 497 ; Topscie and Christiansen, Ann. Chim. 
Phys., 1874, [5], i, 6 ; Roozebooin, Zeitsch. physikal. Chem., 1891, 8 , 504. 

® Glassmann, Ber., 1907, 40 , 2602. 

^ Bleyer and Moorman, Zeitsch. arvory. Chem., 1912, 76 , 70. 

Mallard, Compt. rend., 1887, 105 , 1260. 

® Atterberg, BuU. Soc. chim., 1873, 19 , 497. 

Rosenheim and Woge, Zeitsch. amrg. Chem., 1897, 15 , 283. 
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BERYLLIUM AND NITROGEN. 

Beryllium Nitride, Be 3 N 2 , is similar ehemically to aluminium 
nitride. The amorphous powder obtained by heating the metal in 
nitro^^en above 900'' C., fuses at 2200" C. under atmospheric pressure, 
and solidifies to colourless crystals which scratch ^Ijiss. It dissociates 
at 2400" C., is stable in air, slowly decomposed by boiling water, and dc- 
eom])()s(‘d more readily than aluminium nitride by dilute acids and hot 
concentrated alkali hydroxides. Ammonia and beryllium hydroxide 
result from these reactions. 

Heating in ammonia secures a more complete conversion to nitride 
than heating in nitrogen. A mixture of beryllia and carbon also yields 
the nitride at 1900" C. in nitrogen : beryllimn carbide reacts with 
nitrogen at 1250" C., or with armnonia at 950"-1000" C. - 

3Be.,C I 2N. - 2Be,N2 4 .‘iC. i 

The direct action of cyanogen on metallic bcTylliiim at 800" C. also 
produces the nitride.^ 

Beryllium Azide, Be(N 3 ) 2 , a})])ears to be formed wh(‘n an acpieotis 
solution of beryllium sulphate is treated with barium a/ide, but it is 
easily decomposed by water.^ 

Beryllium Nitrate, Be(N 03 ) 2 . 4 H 20 , was the second salt of 
beryllium })repar(^d by Vainpielin, who used it as oiu' means of distin- 
guishing between the new earth and alumina. lie discovered that it 
was very deliquescent, and had a sweet taste followed by astringency.'* 
It forms a crystalline, deliquescent mass, which melts in its water at 
00*5" C. It is only stable in contact with nitric acid or its vapour, 
since it readily loses oxid(\s of nitrogen. It is most (‘asily prepared by 
saturating nitric acid with beryllium carbonate, ('va])orating. and add- 
ing concentrated nitric acid. It is soluble in aleoliol and acetone, and 
can be rcKTystallised from concentrated nitric acid.*'’ 

Since aluminium nitrate is insoluble in amyl alcohol, beryllium 
nitrate can be freed from it by this solvent.® 

Small quantities of beryllium nitrate are often used in solutions for 
impregnating incandescent mantles.’ 

BERYLLIUM AND THE PlIOSPHORUS GROUP. 

Beryllium Phosphates, Phosphite, and Hypophosphite. — 

Monoberyllium orthophosphate, BeIl4(P04)2, is similar to the corre- 
sponding arsenate. Triberyllium orthoidiosphate, BcaPgOg.GlIaO, is 
precipitated from beryllium sulphate by disodium phosphate in the 
presence of acetic acid. Sodium pyrophosphate precipitates beryllium 
pyrophosphate, Be2P207.9H20, from solutions of beryllium salts. 
Colourless crystals of beryllium metaphosphate, Bc(P03)2, can be 
prepared if water is absent.® 

^ Fichter and Brunner, Zeitsch. anorg, Chem., 1912, 93 , 84, 

* Voumaflos, BulL Boc. chi?n., 1917, [4], 21 , 282. 

^ tJurtius and Rksom, J. prakt, Chem., 1898, [2], 58 , 292. 

^ Viiuquelin, Ann. Chvm.^ 1798, ( 1 ], 26 , 155, 170, 259. 

Ordway, Atncr. J. 1858, [2j, 25, 197 ; ParsonB, Science., 1906, 25 , 402. 

* Browning and Kuzirian, Internal. Cong. App. Chem., 1912, I, 87. 

’ Martin, Industrial and Manufacturing Chemistry {Inorganic) (Crosby, Lockwood & 
Son), 1917, ii, 307-8. 

» Mallard, Zeitsch. Kryst. Min., 1887, 14 , 606. 
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Ouvrard obtained sonic double jiliosjihatcs of IxTyllinm witli alkali 
metals.^ 

Beryllium phosphite (basic), iBclIPOa.BeO.TlLO, and hypophos- 
phitc, have been prepared. ^ 

Beryllium Hypophosphate.- Sodium hypophosphate is said to 
jireeipitate beryllium hypophosphate, 2B(‘PO.j.;3rL/), from Jiot solutions 
of beryllium sulphate.^ 

Beryllium Arsenates. Monoberyllium arsenate, BeIl 4 (As(.)i)i 5 » 
is obtained as colourless, hygroscopic leaflets after preparation in con- 
centrated solution and evajioration in vacuo. Tri beryllium arsenate, 
Be3(As04)2.15ll20, has been jirejiared from arsenic; oxide and beryllium 
hydroxide as an amorphous powder. Other arsenates and double 
arsenates with alkali metals arc unstable.^ 

Beryllium Arsenite. -Definite eonjjuHinds of beryllium with 
arsenious acid cannot be prepared. 

Beryllium Antimonate, Be(SbO;,)2-bH2^»^'"'^ jnepared ])y adding 
a soluble salt of beryllium to a hot solution of sodium metantimonatc;.*'* 

Beryllium Vanadates.- -Beryllium medavanadate, Be( VO.j) 2 - 
is obtained as yellow erystjils by boiling ecpn molecular (piantities 
of beryllium hydroxide and vanadium pentoxide with watcu’, liltcTing, 
eoneentrating, arid pouring into a large* volume of 05 per cent, alcohol. 
It dissolves readily in hot water and in pyridine. Oiu* thousand parts 
of cold water dissolve 1 part of it, and it is practically insohibh* in chloro- 
form, (‘ther, and absolute* alcohol. It erystallise^s in enbes modihe'd by 
oetahedra. 

No other definite* vanadates have been |)r(*pai-ed.‘‘ 

Beryllium Columbate. By fusing the* jireeijiitati* from l>(*ryllium 
chloride and |)otassium columbate with boric* anhydride*, Larsson 
obtained a crystalline ])roduct containing 0*24 per cent. Be*() and SO OO 
per cent. CbgOg.^ 


BERYLLIUM AND CARBON. 

Beryllium Carbide, BegC, was described by Lebeau as trans- 
parent, yellowish-brown, microscopic crystals which seTatch epiartz and 
have a density of 1*9 at 15“ C. lie pre^pared it by he*ating beryllia and 
carbon in an electric furnace. This com}K)unel is attacked in the heat 
by chlorine, bromine, hjxlrogen fluoriele, hydroge*n chloride. ee)ne;en- 
trated sulphuric acid, fused potassium liyelroxide, |)()tassium ])erman- 
ganate, lead })eroxidc, slowly by concentrated nitric and hydrochloric 
acids, and superficially by oxygen. Contact with water or dilute a(;ids 
slowly liberates methane. 

Lebeau originally assigned to it the formula Be 4 C 3 , emphasised its 
similarity to aluminium carbide, and noted that it pointed to an atomic 
weight of 13*8 for beryllium.® Henry’^ formula, Be 2 C,® is now accepted. 

^ Ouvrard, Cow.pt. rend.., 1890, no, 1333. 

® Blcyer and Muller, ZcitscJi. anorg. Chem., 1913, 79 , 263. 

® Bleyer and Muller, ibid., 1912, 75 , 28i>. 

^ Bleyer and Muller, Arch. Pfmrm., 1913, 251 , 304. 

^ Ebel, Her,, 1889, 22 , 3044. 

® Brinion, J. Amer. Chew. Soc., 1916, 38 , 2361. 

’ Larsson, Zcitetch. anorg. Chem.^ 1896, I2, 188. 

** Lebeau, Com.pt. rend., 1896, 121 , 496. 

» Henry, ibid., 1895, 121 , 600. 
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It reacts with nitrogen at 1250® C. and with ammonia at about 
1000® C.— 

SBcgC + 2 N 2 = 2Be3N2 + 3C. ^ 

Beryllium Borocarbide. — Lcbcau described a comj)ound, C4B3Be6, 
obtained by licating beryllia and boron in a carbon crucible in the 
electric furnace. It forms crystals with a metallic lustre, which have a 
density of 2-4 and dissolve readily in mineral acids. It oxidises super- 
ficially at a red heat, and burns in chlorine at about 450° C.^ 

Beryllium Carbonate. — Indefinite basic carbonates of beryllium 
are precipitated from boiling solutions of the hydroxide in alkali 
carbonates. When the precipitate from boiling ammonium carbonate 
solution is kept over suljfiiuric acid, it tends to the composition 
BeC03.3Be(0H)2.2H20,^ The basic carbonates, though they are prob- 
ably very indefinite in composition, are useful for preparing other com- 
pounds of beryllium.'* It is said that if a current of carbon dioxide is 
passed through a basic carbonate, suspended in water, and the solution 
evaporated in an atmosphere of carbon dioxide, crystals of normal 
beryllium carbonate, BeCO^.m^O, separate out. This salt is also said 
to become anhydrous at 100° C., and to lose carbon dioxide at higher 
temperatures.^ The existence of a definite carbonate of beryllium is, 
however, very doubtl’ul.^ 

Scstini found that beryllia dissolved in water charged with carbon 
dioxide at ordinary pressures, and ascribed its solubility to the forma- 
tion of beryllium hydrogen carbonate.'^ 

A double carbonate of beryllium and potassium is said to crystallise 
out when beryllium hydroxide is digested witli potassium carbonate 
solution and treated with alcohol.® 

Basic Beryllium Acetate, SBeCCgHgOgla.BeO, is too important 
for the isolation and purification of beryllium to be unnoticed.® Its 
composition and vapour density also favour a divalent beryllium with 
an atomic weight of about 9, and it is specially suitable for the accurate 
determination of the latter. 

Urbain and Lacombe, in 1901, obtained it in small octahedral 
crystals by evaporating down a solution of beryllium hydroxide in 
dilute acetic acid, dissolving the residue in boiling anhydrous acetic 
acid and cooling.*® Parsons dissolved basic beryllium carbonate in 
glacial acetic acid, boiled off the excess of acid, and obtained the same 
crystals by cooling a solution of the residue in boiling glacial acetic 
acid.® 

It melts to a clear liquid at 283®-284° C., and boils without decom- 
position at 33()®-331® C. Since the vapour can be heated to 360® C. in 

^ Fichter and Brunner, Zeitsch. anorg, Chem.f 1915, 93 , 84. 

2 Lebeau, Cmnpt. rend., 1898, 126 , 1347. 

^ Parsons, J. Amer, Chem, 80 c., 1904, 26 , 721. 

* Parsons and Robinson, ibid., 1906, 28 , 666 . 

^ Weeren, Pogg, Annalen, 1853, 92 , 101 ; Joy, Amer. J. 8 ci., 1863, [2], 36 , 83. 

® Cameron and Robinson, J. Physical Chem., 1908, 12 , 562 ; Parsons, The Chemistry 
arid Literature of Beryllium (The Chemical Publishing Co., Easton, Pa. ; Williams & Nor- 
gate, London), 1909. 

^ Sestini, Gazzetta, 1890, 20 , 313. 

® Debray, Ann. Chim, Phys., 1855, [3], 44 , 5. 

® Haber and van Oordt, Zeitsch. anorg. Chem., 1904, 40 , 465. 

Urbain and Lacombe, Compt. rend., 1901, 133 , 874. 
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the presence of air without any alteration, its vapour density can be 
readily determined. 

Its density, referred to water at 4° C., is 1*362. It is readily soluble 
in chloroform and other organic solvents, though only slightly so in 
alcohol or ether. Water hydrolyses it : slowly in the cold, rapidly 
when hot. It becomes soluble after complete hydrolysis, llry air has 
no action upon it. Ordinary acids free acetic acid from it. The water 
they contain is probably the agent of their action, for it is remarkable 
that, though it is a basic compound, its solution in glacial acetic acid is 
unchanged by saturation with hydrogen chloride.^ 

By heating in a scaled tube at 150® C. with glacial acetic acid and 
acetic anhydride, the basic acetate is converted into the normal acetate. 
When the normal acetate is heated above 300® C. it melts with decom- 
position and the basic acetate sublimes. ^ 

The eorresponding basic formate, basic propionate, basic isobuty- 
rate, basic butyrate, and basic isovalerate arc also well d()lined and 
relatively stable.^’ ® 

Tanatar assigned the general formula BegOR^ (instead of BC 4 ORQ) 
to the above salts ascribing tetravalency to beryllium.® 

Beryllium Oxalates. oxalate trihydrate, BCC 2 O 4 . 3 H 2 O, 

can be prepared by dissolving basic beryllium carbonate in rather more 
than an equivalent amount of oxalic acid. On crystallising, oxalic acid 
crystals separate first, then crystals of beryllium oxalate. Even after 
nine recrystallisations the latter contain occluded oxalic acid. In the 
sufficiently recrystalliscd product the neutralisation of the occluded 
acid by exactly enough basic beryllium carbonate produces the pure 
normal oxalate. It crystallises in orthorhombic crystals, is stable at 
room temperature, very soluble in water, acid in reaction, sharp 
and sweet in taste, and readily decomposed by heat.® 100 c.c. 
water at 25® C. dissolve 63*2 grm. ; oxalic acid dissolves it more 
readily.’ 

At 100®~105® C. the trihydrate passes into the monohydrate, 
which is stable in dry air. It loses water slowly above 105® C. and 
rapidly towards 220 ® C. Decomposition begins near the latter 
temperature, and at 350® C. the salt is comjiletely converted into 
the oxide. 

Other oxalates, basic and acid, which have been described, apparently 
do not exist.® 

Beryllium Cyanide. — When cyanogen decomposes beryllium iodide 
below a red heat, a white, less volatile substance is produced which 
dissolves in water. The solution has the properties of a cyanide 
solution.® 

Beryllium Platinocyanide, BePtCy4, is obtained as a golden 
product by decomposing barium platinocyanide with beryllium sul- 
phate and purifying with alcohol and ether. It goes orange at 30® C. 


1 Parsons, J, Amer. Chem, 80 c., 1904, 26 , 721. 

* Steinmetz, Zeitsch. anorg, Chem,, 1^7, 54 , 217. 

® Urbain and Lacombe, Compt rend., 1901, 133 , 874. 

* Lacombe, ibid., 1902, 134 , 772. 

^ Tanatar, Ber., 1910, 43 , 1230. 

® Parsons and Robinson, J. Amer. Chem. 80 c., 1906, 28 , 655. 
’ Wirth, Zeitach. anorg. Chem., 1914, 87 , 7. 

® Lebeau, Compt. rend., 1898, 126 , 1272. 
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and rod or ^^recn at higher tc^nipcratures. B(‘l()w J50'' C. it contains 
water. 

The compound HcM{^2f%^'y]2 h 1^>H20 was also obtained. ‘ 
J3KUYLLIIJM AND SILICON. 

Beryllium Silicates . — Williams prepared beryl, Be3Al2(SiOj, )e, 
artificially in 1873.'^ In 1894 Traubc precipitated a solution containirijL? 

molecules of IxTyllium sulphate and 1 molecule of aluminium sulphate 
with sodium silicate. The preci])itate was transformed into beryl by 
hcatiufy for three days at 1700'' C. with one quarter of its wci^dit of boric 
anhydride.^ 

llautelillc and Perrey obtained emerald, which has the same com- 
position as beryl, by luiatin^ a mixture of silica, alumina, bcryllia, and 
lithium hydrogen molybdate. At temperatures above 800 C, emerald 
is converted into phenacite, Be^SiOi. They also obtained phenacitc by 
heatini*- a mixture of silica, ]>eryllia, lithiinn vanadate, and lithium 
carbonate.'* 

Stein obtaiiKxl an orthosilicatc, Be2Si04, and a metasili(*at(‘, BeSiC^a, 
by fusino' bcryllia and silica in proper proportions.® 

Duboin pr(‘])arcd some complex silicates containing bcryllia tind 
potassium oxidc.‘* 

Beryllium Silicotungstate, Be 4 (Wi.,Si 04 o) 3 » is said to crystallise 
below 4,5° V. as a cubic hydrate containin<y O^iHgO, above* 45° C'. as a 
rhonibohedral hydrate containing 87H2^> ^ hydrate with 451 12O 

in presence of nitric; acid at 80° 

BERYLLIUM AND BORON. 

Beryllium Borate. Kruss and Moraht described a borate, 
5Be0.B203, resemblintr bcryllia in appearance, which they prc])ared by 
j)rcci})itatino* beryllium chloride with borax, or by neutralising^ it in 
presence of much boric acid with sodium carbonate.^ It is probably a 
solid solution of boric acid in l)cryllium hydroxide. ** 

BERYLLIUM AND ALUMINIUM. 

Beryllium Aluminate. — Ebclmen prepared artificial cymophane 
(chrysoberyl), B<‘(A102)2, by fusing? the constituent oxides with boric 
anhydride and cal(;ium carbonate.^® 

Crystals indistinguishable from cymophane result from the solution 
of alumina and bcryllia in fused alkaline sul})hidcs. Hautefeiiille and 
Perrey uscxl a mixture of alumina, bcryllia, potassium sulphate, and 
carbon.** 

* I’ocjzynwki, Zp.iUch. Chem.., 1871, [2], 7, 275. 

2 Williams, Phil M(ig., 1873, [4], 46, 314. 

Trail b(‘, Jahrh. Min., 1894, i, Mf*m., 27.5, 

^ Hautefille and J^^rroy, Compt. re/nd., 1888, 106, 1800; Ann. Chim. Phijs., 1890, [6], 
20, 447. 

Stein, Zeitsch. anorg. Chem., 1907, 55, 169. 

Duboin, Compt. rend., 1890, 123, 698. 

’ Wyroubolf, Bull 80 c. frang. Min., 1896, 19, 219. 

” Kriiss and Moraht, Ber., 1890, 23, 727. 

^ Bleyer and Paezuski, Kolloid Zeitsch., 1914, 14, 295. 

Ebelmen, Ann. Chim, Phys., 1851, [3], 33, 34. 

" Haiiti^fillo and Perrey, Oompt. rend., 1888, io6, 487. 
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DETECTION AND ESTIMATION. 

Beryllium is detected and estimated through its precipitation as 
hydroxide. A systematie })rocedure for detecting herylliiim in the 
presenee of other elements has been tabulated by Noyes, Bray, and 
Spear. ^ Parsons and Barnes also ^jfave a useful summary of the methods, 
as used up to 1900 , for estimating beryllium,'^ and Britton gave another 
summary in 1921 .^ 

In the usual schemes of analysis, beryllium hydroxide is precipitated 
when ammonia is added to prcci})itate Group IIIA. Beryllium and 
ferric hydroxides are ('asily and c.oin})l(^tely se})arated by wet treatment 
with sodium peroxide : ferric hydroxide nnnains undissolvcd, and 
beryllium hydroxide dissolves as sodium bcryllatc, NaoBeOo.^ *^rhc 
separation of beryllium and aluminium hydroxides is a serious difliculty 
which has greatly influenced the history and fortunes of beryllium. 
Since beryllium is easily se]mrated by ordinary methods, both quali- 
tatively and quantitatively, from all elements except aluminium, ifs 
analytical discussion centres on its separation from co-])reeipitated 
beryllium and aluminium liydroxidcs.^ 

The traditional method of dissolving out the beryllium hydroxide' 
from the aluminium hydroxide with concentrated ammonium carbonate 
is untrustworthy.'* The deposition of bcrylli\im hydroxide by boiling 
the suitably diluted solution of the two hydroxides in j)otassium or 
sodium hydroxide has been used, following Vauquelin’s original method,^ 
up to recent times for separating aluminium from beryllium.^ But this 
method is a})parently too inaccurate to be applicable quantitative! y.** 
Britton, however, has obtained good results by concentrating the solu- 
tion containing aluminium and beryllium, treating with just enough 
sodium hydroxide to redissolvc the precipitate, boiling at considerable 
dilution, and immediate filtration.** 

Wunder and Wenger fused the mixed oxides of aluminium and 
beryllium with sodium carbonate, and precipitated the alumina by boil- 
ing with excess of ammonium nitrate.** 

Beryllium hydroxide can be separated quantitatively from alu- 
minium (and ferric) hydroxide by its solubility in a hot 10 per cent, 
solution of sodium hydrogen carbonate. The hydroxides are dissolved 
in hydrochloric acid, and the boiling hot mixture of the chlorides adde d 
to a nearly boiling solution of sodium hydrogen carbonate (;ontaining 
enough reagent to make the mixed liejuid an approximately 10 j)cr cent, 
solution. Less beryllium is mechanically retained in the' ])rccipitated 
aluminium hydroxide by this method than by adding solid sodium 
hydrogen carbonate to the solution of tlic chlorides after nearly neutral- 
ising with ammonia and then boiling. The precipitated aluminium 
hydroxide should be redissolved and the se])aration repeated. Tluj 
beryllium in the filtrate from the double j)recipitation can be precipi- 
tated as hydroxide by ammonia and ignited to the oxide.^ 

If concentrated solutions of aluminium and beryllium salts are 

’ Noyes, Bray, and Sjiear, J. Amer. Chem. Soc., 1908, 30, 481. 

* Parsons and Barnes, ibid., 1906, 28, 1589. 

® Britton, Analyst, 1921, 46, 359. 

^ Wunder and Oh^Iadze, Ann. Chim. anal., 1911, 16, 205. 

« Vauquelin, Ann. Chim.., 1798, 26, 155, 170, 259. 

® Wunder and Wenger, Zeitsch. anal. Chem., 1912, 51, 470. 
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shaken with ethylamine, all the aluminium passes into solution and the 
beryllium is precipitated.^ 

Beryllium is said to be completely precipitated by ammonia in the 
cold if ammonium chloride is present, by ammonium sulphide if time 
is allowed, and by j)otassium iodide and iodate.^ 

Some effective methods depend upon the separation of beryllium 
and aluminium in the Ibrm of chlorides. The solubility of beryllium 
chloride and the insolubility of aluminium chloride in concentrated 
hydrochloric acid and ether allows an effective separation. The mixed 
hydroxides are dissolved in concentrated hydrochloric acid. This solu- 
tion is mixed with ether and saturated with hydrogen chloride — 
keeping down the temperature to about 15^^ C. After standing, the 
aluminium is com})letely precipitated as white crystalline AlCl^.OHgO. 
This method is equally effective with all j^roportions of the two 
hydroxides.**’^’ ® The beryllium can be finally isolated and esti- 
mated, if necessary, by precipitation with ammonia or by treatment 
with nitric acid and ignition. 

A mixture of acetone and acetyl chloride dissolves beryllium chloride 
and leaves aluminium chloride undissolved.’ 

Another very effective route of separation lies through the basic 
acetate. Haber and van Oordt dissolved the mixed hydroxide’s in 
glacial acetic acid and separated the basic beryllium acetate by its solu- 
bility in chloroform.® Beryllium basic acetate can also be separated 
from other acetates by its ready solubility in hot glacial acetic! acid 
and comparative insolubility when cold.^’® Kling and Gelin convert 
iron, aluminium, and beryllium into their basic acetates, and distil off 
the last under reduced pressure.^® 

Some volumetric methods have been suggested. An acidimetric! 
process depends on the behaviour of beryllium salts as acids towards 
phenolphthalein. The neutralised solution, which should contain the 
beryllium as chloride, is titrated with decinormal sodium hydroxide, 
using phenolphthalein as indicator. Aliquot parts of this are then 
titrated with decinormal acid, using, in one case, methyl orange as 
indicator, and, in the other, phenolphthalein. The difference between 
these two titrations represents beryllium. 

In an iodometric process an approximately decinormal solution of 
the normal salt is heated with potassium iodate and iodide in a current 
of hydrogen. The liberated iocline is collected in a solution of potassium 
iodide and titrated with sodium thiosulphate.^^ 

Taboury suggests the dehydrated sulphate as a convenient form for 
estimating beryllium.^^ 

Coi)aux estimates beryllium in beryl by heating the powdered 

1 Renz, Ber., 1903, 36 , 2751. 

2 Bleyer and Boshart, Zeitach, anal. Chem., 1912, 51 , 748. 

3 Havens, Amer. J. Scl, 1897, [4], 3 , 111. 

* Havens, Zeitsch. anorg. Chem., 1898, 16 , 15. 

® Parsons and Barnes, J. Amer. Chem. 80 c., 1906, 28 , 1589. 

« Noyes, Bray, and Spear, ibid., 1908, 30 , 481. 

’ Minnig, Amer. J. Sci., 1915, [4], 40 , 482. 

® Haber and van Oordt, Zeitsch. anorg. Chem., 1904, 40 , 465. 

* Parsons and Robinson, J, Amer. Chem. 80 c., 1906, 28 , 555. 

Kling and Gelin, Bull. 80 c. chim., 1914, [4], 15 , 205. 

” Bleyer and Moorman, Zeitsch. anal. Chem., 1912, 51 , 360. 

Taboury, Compt. rend., 1913, 159 , 180. 
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mineral with sodium silicolluoride. Boiling water extracts the soluble 
sodium beryllium fluoride and leaves the insoluble double fluoride of 
aluminium, silica, etc. An aliquot part of the aqueous extract is 
evaporated with excess of sulphuric acid till white fumes appear. The 
residue* is })recipitated, after solution, as hydroxide and weighed as 
oxide. Silica and alumina may contaminate the final residue and 
re(]uire removal by suitable methods.^ 

Amyl alcohol dissohes beryllium nitrate and does not dissolve 
aluminium nitrate.^ 

Beryllium hydroxide dissolves colloidally in pure water, and must 
be washed with wat(‘r containing an electrolyte — ammonium acetate 
solution is convenient. Beryllium oxuh; obtained by igniting the 
hydroxide is very hygrosco])ic.^ 

^ Copaux, Compt. rend., 1919, l68, 010, 

* Brownin}? and Kuzirian, Inter. Comj. AppL ('hem., 1912, l, 87. 

•* Paixons and Barnes, ./. Amer. (Jhe.m. Soc., 1900, 28 , 1589. 
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CHAPTER III. 

MAGNESIUM AND ITS COMPOUNDS. 
MAGNESIUM. 

Symbol, Atomic Wci^^ht, 24-32 ( 0 ~ 1 G). 

Occurrence. — Meteorites, wliieh are sam})les of lixtra-terrestrial origin, 
often contain combined magnesium. It is, after iron, their most 
important metallic constituent.^ Magnesium has been spectroscopi- 
cally discovered in the sun,^ and in the earth’s crust the number of its 
atoms has been estimated as 1*67 per cent, of the total of elementary 
atoms.® 

Magnesium compounds are widely distributed over the earth. 
Magnesium chloride, MgClg. «iid, to a lesser exbuit, magnesium bromide, 
MgBrg, and magnesium iodide, Mgla, occur in natural waters includ- 
ing sea-water. The slightly soluble magnesium fluoride, MgFg^ occurs 
as the mineral sellaUe. Sea-water and most mineral sj)rings (contain 
more salts of magnesium than of calcium, but in river- water calcium 
salts })reponderatc.^ Magnesium sulphate is a prevalent magnesium salt 
in natural water, and Epsom salts, MgS 04 . 7 H 20 , derive their name from 
their occurrence in the famous mineral spring at Epsom. MgS 04 . 7 H 20 
occurs as the mineral epsomite or, as it is called when found in the 
Stassfurt deposits, reichardtite. 

The Stassfurt deposits had a marine origin, and consist of narrow 
bands of anhydrous calcium sulphate, interspersed, at fairly regular 
intervals, through a mass of rock salt. Reds rich in magnesium and 
potassium salts cap the narrow seams of calcium sulphate. The 
deposits divide roughly into four regions — 

1. Anhydrite, CaS 04 . 

2 . Polyhalite, 2 CaSO 4 .MgSO 4 .K 2 SO 4 . 2 H 2 O, about 60 metres. 

8 . Kieserite, MgS 04 .H 20 , about 30 metres. 

4. Carnallite, MgCl 2 .KCl 4 . 6 H 2 O, about 28 metres.® 

These deposits are the most important commercial source of mag- 
nesium and its salts. They contain also the following salts : tachhydrite, 

1 Farrington, Meteorites (Chicago), 1915, p. 114. 

* Tacchi^, Compt. rend., 1876, 82 , 1385. 

* Fersmann, BuU. Acad. Set. St. Petersbourg, 1912, [vi], 367. 

* Lubavin, J. Russ. Phys. Chem. Soc., 1892, 24 , 389. 

® Armstrong, Brit. Assoc. Report, 1901, 262. 

For a discussion of the production of magnesium salts in the Stassfurt and other de* 
posits, see Eozsa, Zeitsch. Elektrochem., 1913, 19 , 109, and a series of papers in Zeitsch. 
anorg. Chem., 1914 to 1919 inclusive. 
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CaCl2.2MgCl2.12H20, krugite, K2S04.4CaS04.M^S04.2H20, hischoffi^, 
^^oinite, KCl.MgSO4.3H2O, scMnite or picroniente. 
K2S04.MgS04.6li20, leoiiile, K2SO4.MgSO4.4H2O, langbeinite, K2SO4. 
2MgS04, bldditc or astrakamte, Na2SO4.MgSO4.4H2O, locxoite, Na2S04. 
MgS04.2H20, and vanthoffifCy 3Na2S04.MgS04. 

The double sulphate, (NJl4)2S04.MgS04.()H20, occurs as bous.sui- 
gaultUe, 

Many natural waters contain tnagnesimn bicarbonate^ Mg(HC03)2 : 
normal carbonates are represented in many mineral species. MgCO^ 
occurs as 7 nagnesife ; breunnerite^ (Mg,Fe)C03, occurs in meteorites.^ 
Nesquehonite is MgCO^.SlIgO, and dolomite, (Ca,Mg)C()3, is widely dis- 
tributed . Many mountain ranges consist largely of this inij^ortant mineral 
species. Ankerite is (Mg,Fe)C03.CaC03. 

Basic carbonates occur as hydromagtwsite, 3MgC03.Mg(0H)2.3H20, 
landsfordite, 4Mg0.3('0222H20, and bydrogioberite, [(Mg.0H).CX)3.2H20]. 

Northupite is Na2CO3.MgCO3.NaCl. 

Magnesium oxide, MgO, occurs as periclase and, hydrated, in hrucife, 
Mg(OIl)2. In conjunction with other oxides it occurs as magnoferrite, 
Mg0.Fe203, and jacobsite, (Mn,Mg ) 0 . ( Fe,Mn )203. 

Magnesium molybdate occurs as beloncsite, MgMo04. 

Magnesium phosjdiate ottcurs as bobierrite, Mg3(P04)2.8H20, in 
xvagnerite, Mg3(P04)2.MgF2, in sUmxnte, (NH4)MgP64.0ll2O, and in 
Janeburgite, Mg3(P04)2.B2^^a*^H20. 

Among the arsenates arc : hoernesite, Mg3(As04)2.8n20, cabrer- 
lie, (Ni,Mg)3(As04)2.8H20, adelite, Ca(MgOH )As04, and filasite, 
(^a(MgF)As04. 

The following silicates have been identified in meteorites : ^ en- 
statite and clinoenstatite, MgSiOg, diopside, MgCa(Si03)2, hedeiibergite, 
(Mg,Fe)Ca(Si03)2, Mg2Si04, chrysolite, (Mg,Fe)Si()4, and some 

augites. Magnesium also occurs as silicate in talc or steatite, 
H2Mg3(Si03)4, meerschaum, I l2Mg2( 8103)3, olivine, (Mg,Fe)2Si04, and 
serpentine, MggSi 2O7 . 2H2O . 

Phlogopite or inagnesia mica is K20.2H20.()Mg0.Al203.6Si02, and 
asbestos, which is very important industrially, is CaMg3(Si()3)4. 

Geikielite is MgTi03, and among the borates are : pinnoite, 
MgO.B2O3.3H2O, boracite, 2Mg3Bg045.MgCl2, and kaliborite, KMgoB^Oig. 
9H2O. 

Magnesium occurs also in spinel, MgO.AlgOg, hydrotalcite, 
Mg3Al(0H)e.3H20, and kornerupine, Mg(A10)2Si04. 

Animals and plants contain small quantities of magnesium : in 
blood, chlorophyll, seeds, milk, and bones, for example. 

History. — In 1695 Nehemiah Grew, a London physician, published 
an account of a medicinal salt obtained from the well-known mineral 
spring at Epsom. “ Epsom salts ” soon became famous, and are still 
used in medicine. George and Franci^ Moult established a factory in 
1700 to obtain the salt from a spring at Shooter’s Hill, near London. It 
was soon afterwards discovered by Friedrich Hoffmann in Seidlitz mineral 
water, and crystallised by Hoy from the mother-liquors of sea-water. 
The history of magnesium thus began with its sulphate, MgS04.7H20. 

“ Magnesia alba ” was discovered, and its medicinal value observed, 
early in the eighteenth century. Since pyrolusite was then called 

1 Farrington, Meteorites (Cliicago), 1915, p. 117. 

* Farrington, ibid,, pp. 117-8. 



30 


BERYLLIUM AND ITS CONGENERS. 


magnema nigra, the new substance was ap])arently named to contrast 
witJi it. Valcntini in 1707, and Slevogt in 1709, prepared it from 
salt]ictr(‘ niothor-lif|uors. Partl}'^ because tiiese })rej)arations contained 
calcium carbonate, magnesia and lime wen; constantly confused till 
Black, in 175.5, clearly distin^uislicd them. II(‘ showed that magnesia 
alba was a com])Ound of fixed air ” with a ])eculiar earth, which had 
a soluble sul])hate.^ When Davy, in 1808, showed that magnesia was 
the oxide ol* a metal, he named the metal mngniumr Finally, the name 
rnagnesiuvi was adopted for the metal in magnesia, and manganese for 
the iTietal in pyrolusite. The latter liad been known both as magnesium 
and manga nesi urn . 

‘‘ Magnesia ” is dcriv(‘(l from “■ magnesian stone,” an alchemistic 
designation of the loadstone, and a stone shining like silver, which may 
have been talc. A confusion ol* pyrolusite with the loadstone may have 
led to the ierms magnesia alba and magnesia nigra.^ 

The metal was first prepared in mass by Biissy in 1829.^ Tie decom- 
posed magiu^sium chloride with potassium ; electrolytic methods are 
now used in industry. 

Preparation of Metallic Magnesium. — Magnesium was first pre- 
))ar(‘d by acting on its clilorkle with j)otassium.^ Later, a mixture of 
riiagnesium chloride, (raleium fluoride, sodium chloride, and potassium 
chloride,® or of eaniallite and lhiors])ar,^ was used — sodium being 
substituted for potassium. 

Proj)osals have been made to reduce the sulphate with iroji or hydro- 
carbons ; ® to reduce magnesium minerals, such as magnesite or dolo- 
mite, w^ith coal and ferric oxide;® and to reduce the double cyanide of 
sodium and magnesium with zinc.^® 

The direct reduction oi‘ fused magiu'sia by carbon is violent 
at 2030'' C.,^^ and potassium vapour at a strong red heat will also 
reduce it. 

Magnesium is now prepared by (electrolysis. Sir Humphrey Davy 
obtained an amalgam of‘ magnesium by electrolysing a mixture of 
magnesia and red mercuric oxide betw^ecn a platinum anode and a 
mercury cathode. Subsc(iuent experimenters electrolysed solutions 
of magnesium salts ; Becquercl obtained the nudal from a concentrated 
solution of the chloride, and a solution of the double sulphate of 
ammonium and magnesium w^as electrolysed at 70“ ICO'' 

An attempt was made to electrolyse molten double sulphides of 

^ Black, Experimemifi upon Magnesia Alba, QuicMime, and other Alkaline Substances 
(Alembic CUub Reprint, No. 1 ; Clay, Edinburgh; Sinipkin, Marshall, Hamilton, Kent 
& Co., London), 1893. 

l)avy. The Demm.position of the Fixed Alkalies and Alkaline Earths (Alembic Club 
Reprint, No. 6 ), 1894. 

* New Oxford Dictionary. 

* Bussy, .7. Ph-arm. Chim., 1829, 15 , 30. 

® Bussy, ibid., 1829, 15 , 30 ; 1830, 16 , 142; Liebig, Pogg. Annalen, 1830, 19 , 137. 

® Beville and Caron, Ann. Chim. Phys., 1863, f3], 67 , 340. 

7 Reiohardt, Jahresber., 1864, 192. 

® Petitjean, Dinyl. poly. J., 1858, 148 , 371. 

* Piittner, ihvl., 1885, 256 , 567. 

Lauterbraun, German Patent, 39915 (1886). 

Kowalke and Grenfell, Trans. Amer. Ekctrochem. Soc,, 1916, 27 , 221. 

Davy, Alembic Club Reprint, No. 6 , 1894. 

Becquercl, Ann. Chim. Phys., 1831, [2], 48 , 337. 

English Patent, 16661 (1884). 
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magnesium and the alkalies.^ In 1852 Bunsen electrolysed the molten 
anhydrous chloride ; ^ Matthicssen mixed three equivalents of jDotassium 
chloride with every four of magnesium chloride?,^ and Fischer took the 
natural step of employing earnallite the naturally occurring double 
chloride of magnesium and potassium.^ Magnesium is now chiefly 
manufactured by electrolysing this fused salt. Carnallite is less volatile 
than magnesium chloride, and more easily dehydrated without formation 
of magnesia. 

The electrolysis is peribrmed in an iron pot which acts as cathode. 
The anode is of carbon, and hol(*s in the porcelain pot surrounding 
it pcirmit communication between the anodic and cathodic com])art- 
ments. To maintain the molten condition of the liberated magnesium 
the cell is jdaced in a furnace. A number of such (;ells is usually con- 



PiG. 1. — (xratzol electrolytic cell for magnesium. 


nected in scries with a source of current, so that the P.l). between each 
pair of electrodes is about 8 volts. A usual current density is about 
1000 amp. per sq. metre. The chlorines is carried off by a side pipe, 
and the molten magnesium collects in the cathodic compartment on 
the surface of the molten electrolyte. It is protected from oxidation 
by an atmosphere of inert gas. The holes between the anodic and 
cathodic compartments are arranged to avoid any passage ol‘ the 
upper layer of magnesium into the anode compartment. The working 
temperature is apparently between 700"' C. and 800 ^ 

The globules of magnesium do not eoalesce in the presence of mag- 
nesium oxide or magnesium sulphate. The addition of ammonium 
chloride during the fusion of the magnesium chloride ])revents the 

1 Jaennigen, Zeitsch. mufew. Chem.y 1895, 8, 317. 

* Bunseu, Annakn, 1852, 82, 137. 

3 Matthiessen, Ann, Ghim, Phya., 1855, [3], 45, 347. 

* Fischer, Jahresher,, 1885, ii, 2013. 

3 Borchors, Zeitsch, Mektrochem., 1895, i, 361. 

« Oettel, ibid,, 1895, 2, 394. 
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formation of oxide. Any sulphate is decomposed by adding enough 
cstrbon to the fused chlorides : tlie oxide thus produced is converted 
into chloride by ammonium chloride. Oettel found that the addition 
of calcium fluoride removed the disinclination of the magnesium 
globules to coalesce.^ 

^wan could say in 1901 that the only company known to be manu- 
facturing metallic magnesium was the Aluminium und Magnesium 
Gcsellschaft, Ilemclingen.^ Their electrolyte contained cquimolecular 
propoitions of magnesium, potassium, and sodium chlorides. It was 
prepared from carnallite by adding sodium chloride. Anhydrous mag- 
nesium chloride was continuously added during the process (which was 
continuous) to keep the bath composition constant. The electrolyte 
was kept basic and contained calcium fluoride.*'* 

Molinari says that, prior to the Great European War, the world s 
consumption of metallic magnesium approached 100 tons. American 
companies arc now producing considerable quantities.^ 

Magnesium can be purified by distillation,'* but it is more usually 
purified by remelting with pure carnallite in an iron crucible. The 
floating metal is ladled off and poured into ingots. It is usually con- 
verted into wire liy sciueczing the semifluid metal through dies, and is 
then commonly rolled into ribbon. It is also handled commercially as 
powder. 

Magnesium metal may contain from 0-17*5 c.(^. of occluded hydrogen, 
and from 1*2- 4*1 c.c. of occluded carbon monoxide, in every 20 grni.® 
From ()*05-~() 07 per cent, of silica, and about 0 08 per cent, of iron and 
aluminium, have been found in it.’ Samples containing small amounts 
of alumina and ferric oxide have been found to be free Irom carbon, 
alkali metals, and alkaline earth metals.® 

Physical Properties of Magnesium. — Magnesium ribbon is 
brilliant and white, resembling silver. When sublimed in docuo the 
cooled metallic deposit consists of beautiliil silver-white er 3 ^stals ^ 
which are usually regular hexagonal prisms.^® Similar crystals crystal- 
lise from a solution of magnesium in molten sodium.^ ^ 

Its density is very close to Deville and Caron’s original figure ol 
1-75:® a more modern figure is 1-74.^^ It melts at 050^2^ 
and boils at about llOO^" C. : the actual boiling-point may be nearer 

1120° Its specific heat has been given as 0*2456 at 0° C., 0*2519 

at 50° C.,i« and 0*228 between -185° C. and +20° C.i’ Its electrical 

^ Oettel, Zeitsch. Elektrochem., 1895, 2 , 394. 

® Swan, J. Soc. Chew.. Jnd.^ 1901, 2 o, 666 . 

® Zeitsch. EleMrocMm.y 1901, 7, 408. . i . i i, 

* Molinari, Treatise on General and Industrial Inorganic Chemistry (ti'anslated by 
Pope) (Churchill), 1920, i>. 670. 

^ Deville and Caron, Ann. Chim. Phys., 1863, [3], 67 , 340. 

® Dumas, Compt. rend.y 1880, 90 , 1027 ; Delachanal, ibid., 1909, 148 , 561. 

Zemezuznys, Zeitsch. anorg. Chew., 1906, 49 , 400. 

® Kahlenberg, J. Amer. Chem. Soc., 1903, 25 , 380. 

* Dumas, Compt. rend., 1880, 90 , 1027. 

Des Cloizeaux, ibid., 1880, 90 , 1101. 

Mathewson, Zeitsch. anorg. Chem., 1906, 48 , 191. 

Zemezuznys, ibid,, 1906, 49 , 400. 

Sahmen, ibid., 1908, 57 , 1 ; V^ogel, ibid., 1909, 63 , 169. 

Ditte, Compt. rend., 1871, 73 , 108. 

Greenwood, Proc. Roy. Soc., 1909, A 82 , 396. 

Lorenz, Wied. Annalen, 1881, 13 , 422, 582. 

Nordmeyer and Bernoulli, Rer., 1907, 5i 
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conductivity compared with mercury at 0° C. is 22*84 at 0® C. and 
16*34 at 100® Its absolute conductivity for heat from 0® C.-lOO® C. 
is 37*6,^ its atomic refraction is 6*9, its atomic volume is about 13*3, and 
it is diamagnetic.*'^ 

Magnesium is a relatively strong metal : its ultimate tensile stress 
is 23*2 kilos per sq. mm., its bending strength 17*4 kilos, and its specific 
resistance to compression 27*2 kilos per sq. mm.® The compressibility 
of the metal is about 2*7X10"’® per atmosphere.® 

Magnesium is malleable, but ductile only at high temperatures. At 
450® C. the metal can be rolled, })ressed, and readily worked.® 

Magnesium, condensed from va]>our on cooled platinum sheets, 
exhibits })hotO“eleetric activity when exposed to light rays in an 
exhausted tube.^ 

The stronger lines in the spectrum of magnesium, in decreasing order 
of wave-length (Rowland), are- - 

Spark: 5711-6, 5528*7, 5183*8, 5172*9, 5167-6, 4703-3, 4481-3, 
4352*4, 3838-4, 3832 5, 3829-5, 3336*8, 3332*3, 3330*1, 3097*1, 3093*1, 

3091*2, 2942-2, 2937-9, 2928-7, 2915*6, 2852*2, 2802*8, 2798-2, 2795-6, 

2790-9, 2783-1, 2781*5, 2779*9, 2778*4, 2776*8. 

Arc : 8807*0, 5711*0, 5528*7, 5183*8, 5172-9, 5167-6, 4703-3, 4352-4, 
3838-4, 3832-5, 3829-5, 3336*8, 3332*3, 3330*1, 3097-1, 3093*1, 3091*2, 

2942-2, 2938-7, 2937*9, 2928*7, 2915*6, 28.52*2, 2848*5, 2846*9, 2802*8, 

2798*2, 2795*6, 2790*9, 2783*1, 2781*5, 2779-9, 2778-4, 2776-8.® 

Chemical Properties. — Magnesium ribbon burns with a bright 
light in air to the oxide and nitride : ® Winkler says no nitride is formed 
unless inactive substances which absorb heat are present.^ The great 
brightness of this light ® makes magnesium useful in Ihishlights, sig- 
nalling, and {)yroteeliny. Hurning magnesium gives a continuous 
spectrum.® 

Heated magnesium decomposes carbon dioxide (the formation 
of magnesium carbide may interfere with the reaction),^® carbon 
monoxide ^® (this has been denied sulphur dioxide, hydrogen sul- 
phide, nitrous oxide, nitric oxide, all oxides except those of the alkalies 
and alkaline earths,^® some sulphides,^® and combines directly with the 
halogens, sulphur, nitrogen, phosphorus, and other elements. 

Magnesium does not tarnish in dry air, but in moist air becomes 
covered lightly with oxide. Distilled water acts on it very slowly,^’ 

^ Lorenz, loc. cit. 

* Richards, Stull, Brink, and Bonnet, J, Amer. Chem. Soc.j 1909, 31 , 164. 

3 J. 80 c. Chem, htd.y 1887, 6 , 730. 

^ Pohl and Pringsheim, Ber. Deut. physikal. Ges., 1912, 14 , 540. 

Watts, hidex of Spectraf Appendix U (1911) (Wesley & Son, London ; Hoywood & 
Son, Manchester). 

® Deville and Caron, Ann. Chim. Phys., 1863, [3], 67 , 340. 

’ Winkler, Ber., 1890, 23 , 120. See also Magnesium Nitride. 

® Bunsen and Roscoe, Phil. Trans., 1869, 149 , 920. 

® Sirnmler, Pogg. Annalen, 1862, 115 , 242, 425. 

Phipson, Proc. Boy. Soc., 1864, 13 , 217 ; Wartha, Ber., 1871, 4 , 94. 

Kessler, Ber., 1869, 2 , 369. 

Winkler, ibid., 1890, 23 , 2642. 

Martignon, Bull. 80 c. chim., 1909, [iv], 5 , 269. 

Uhl, Ber., 1890, 23 , 2151. 

15 Warren, Chem. News, 1889, 60 , 187 ; Winkler, Ber., 1890, 23 , 44, 120, 772, 2642 ; 
Weston and Ellis, Trans. Faraday Soc,, 1908, 4 , 130. 

Pertusi, Ann. Chim. anal., 1915, 20 , 229. 

Kahlenborg, J. Amer. Chem. 80 c., 1903, 25 , 380. 
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and though it has been suggested that perfectly pure water attacks 
magnesium until the action is stopped by a coating of oxide, ^ there 
seems to be no action if dissolved gases arc entirely absent.^ The heated 
metal reacts readily with steam — 

MgfH20==Mg0+ll2.3 

Magnesiinn amalgam decomposes water violently,^ and many mag- 
nesium alloys act similarly.''* 

In genera], action occurs in systems containing magnesium, water, 
and an electrolyte. Powdered magnesium reacts with the water of 
crystallisation of many substances,® and the metal decomposes water 
rapidly in the presence of a drop of platinic chloride ® or of a 
little palladious chloride.® Magnesium reduces solutions of nitrates, 
nitrites,®’^® and chlorates. It liberates its equivalent of hydrogen 
from dilute hydrochloric or sulphuric acid; it also evolves hydrog(‘n, 
more slowly and at very different rates/® from solutions of many salts 
— including its own.^^’ i®’ 

Getman concluded that the reaction 

Mg+2H,O^Mg(OII), fll, 

is catalytically accelerated by dissolved potassium chloride^ and other 
dissolved salts : tlu^ reaction is equally rapid with im|nire and ])er- 
feetly pure metal. In solutions of hydrolysed salts, the evolution of 
hydrogen is accelerated if the base is weak, and retarder! if it is strong.^® 

Magnesium, according to Getman,^® acts in four distinguishable ways 
on aqueous solutions of salts— 

(A) Neutral salts function solely as catalysts, and the magnesium 
forms hydrogen and magnesium hydroxide with the water. A basic 
salt may result.^^’ 

(B) When the base is weak, the magnesium reacts first with the acid 
from the hydrolysis and then with the solvent. In the latter reaction 
the saline constituents act as catalytic stimulants. 

(C) When the acid is weak, the hydrogen-ion concentration is 
depressed, and the magnesium reacts very slightly, if at all, with the 
solvent. 

(D) When the cation is less electro-j^ositive than the magnesium, 
the metal of the salt is replaced by the latter. Since such salts usually 

^ Bryant, Chetn, New.% 1899, 8o, 211. 

2 Roberts and Brown, J. A^mr. Cfiem. Hoc., 1903, 25, 801. 

^ Kessler, Ben, 1869, 2, 369. 

* Hartley, Chem. News^ 1866, 14, 73. 

® See Magnesium Alloys. 

® Michailenko and Mustinsky, J, Bums. Phys. Chem, Hoc.y 1912, 44, 181. 

’ Kem, Chem. News, 1876, 33, 112, 236. 

» Ballo, Ber., 1883, 16, 694. 

® Knapp, Chem. News, 1912, 105, 253. 

Kahlenberg, J. Amcr. Chem. Soc., 1903, 2$, 380. 

Kippenberger, Chem. Zeit., 1895, 19, 1269. 

For rate of solution in acids, see Kajander, Bull. Soc. chim., 1880, [2], 34, 325. 

Getman, J. Amer. Chem. Soc., 1917, 39, 596. 

Toimnasi, BuU. Soc. chim., 1899, [3J, 21, 885. 

Mouraour, Compt. rend., 1900, 130, 140. 

Roberts and Brown, J. Anver, Chem. Soc., 1903, 25, 801. 

Hughes, Tram. Chem. Soc., 1919, 115, 272. 

Getman, J. Amer. Chem. Soc., 1916, 38, 2594. 

Lemoine, Compt. rend., 1899, 129, 291. 
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have an acid reaction, the magnesium generally directly displaces the 
hydrogen of the acid as well.^ 

Magnesium j)recipitates its equivalent of pure copper, gold, or 
platinum from solutions containing no other metals than the alkalies 
or alkaline earths. Many other metals alloy with the magnesium.^ 
Tellurium can be estimated by precipitating it with magnesium,^ and 
zinc is also quantitatively precipitated from its acetate in the presence 
of alkaline earth metals.'* 

The formation of oxides or hydroxides of metals has been noted 
during their displacement from their salts b}^ magnesium,^’® and it has 
been suggesti'd tliat the action of magnesium on salts primarily con- 
verts their metal into its oxide or hydroxide.’ 

Nitri(^ oxide, nitrous oxide, and nitrogen are cAolved, according to 
Ac worth and Armstrong, when nitric acid acts u])on magnesium. 
When the acid is mixed with an equal volume of water these gases 
eorresi)ond to 64*23 per cent, of the metal dissolved. They correspond 
to 44*51 i)cr cent, when the acid is mixed with 12 parts of water. Nitric 
oxide predominates.® If some hydrochloric acid is present hydroxyl- 
amine is iormed, but it decomposes rapidly.® Armnoniiim nitrate is 
also produced during tlie action.^® Much hydrogen is also said to be 
evolved, and the pro^^ortion of ammonia increases with the concentra- 
tion of the nitric acid till the latter reaches 40 i)er cent., and then 
decreases.*^ 

Alkaline hydroxides do not act on magnesium ; sodium (!ar- 

bonatc solution acts on it slightly, and borax solution with considerable 
vigour.*® 

Uoncentrated sulphuric acid begins to attack jnagnesium at 215” C. 
with the evolution of sulphur dioxide and a tract‘ of hydrogen sulphide.*^ 
Sul])hurous acid converts the metal into its sulphite.*^ 

Potassium dichromatc inhibits the solution of magnesium in acetic 
acid ; the addition of an alkali or of a magnesium salt of a strong acid 
destroys the “ passivity.”*® 

The metal acts on methyl alcohol to form magnesium rnethoxidc,*’ 
and enters into many important reactions in organic chemistry.*® 

A green unstable colloidal solution of magnesium has been pre])ared 
by the electrical method.*® 

1 Bryant, Chem. News, 1899, 79 , 75. 

Villiers and Borg, Compt rend., 1893, 116 , 1524. 

Crane, Amer. Chem. 1900, 23 , 408. 

^ Warixin, Chew.. News, issO, 60 , 187. 

Kern, Chem. News, 1875, 32 , 309; Clowes, ibid., 1898, JS, 155; Bryant, ibid., 
1899, 80 , 211 ; Tommasi, Bull. JSoc. Mm., 1899, [3], 21 , 885. 

“ Bliijison, Proc. Roy. 80 c., 1804, 13 , 217. 

’ Kern, Chem. News, 1870, 112 , 230. 

® Acworth and Armstrong, J. Chem. Roe., 1877, 32 , 77. 

® Divers, Trans. Chem. Soc., 1883, 43 , 45k .. 

Bijlert, Zeitsch. jihysikal. Chem., 1899, 31 , 103. 

Montemartini, Gazzetta, 1892, 22 , 384, 397, 420. 

Kahlonberg, J. Amer. Chem. Soc., 1903, 25 , 380. 

Cetman, ibid., 1917, 39 , 590. 

Adie, Proc. Chem. Soc., 1899, 15 , 132. 

Schweizer, Atner. Chem. J., 1871, I, 296. 

Holroyd, Proc. Chem. Soc., 1904, 20 , 38. 

Szarvasy, Bcr., 1897, 30 , 800. 

Hepworth, J. Soc. Chem. hid., 1922, 41 , 7T. 

Svodberg, Ber., 1905, 38 , 3010. 
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Magnesium apparently consists of three isotopes of atomic weights, 
24,* 25, and 26.^ 

Uses of Magnesium. — Magnesium is used for various forms of 
illumination — ^in signalling, flashlights, and pyrotechny. It is a valu- 
able reducing agent in the laboratory, and Warren ^ suggested its use 
in Marsh’s test because it contains no arsenic, and in reducing ferric 
salts because of its freedom from iron. 

Metallic magnesium prevents blowholes in brass or copper, makes 
nickel castings sound, and is a constituent of the important alloy 
magnalium, which is an alloy of aluminium and magnesium. 

Grignard’s discovery of magnesium alkyl and aryl halides in 1900 ® 
provided the organic chemist with an important reagent. Hep worth ^ 
has summarised the applications of magnesium to synthetic organic 
chemistry. 

Magnesium oxide is used medicinally, as a refractory material, in 
cements and hydraulic mortars, as the basis of the filament in the 
Nernst lamp, and has been used instead of lime in the oxy hydrogen 
lantern. Magnesium oxide and chloride arc constituents of various 
“ Sorel cements.” The peroxide is used as an antiseptic and for 
bleaching. 

The sulphate, basic carbonates (magnesia alba), the bicarbonate, and 
the citrate are used medicinally. Magnesium sulphate and chloride are 
used for finishing cotton fabrics and also for weighting silk or paper. 

Meerschaum is used for making tobacco pi})es, and asbestos, because 
of its non -inflammability and low heat conductivity, has extensive 
industrial uses. 

Atomic Weight. — The atomic weight of magnesium, which has 
always been recognised as a divalent element, has been determined by 
the following methods - 

(A) The conversion of the oxide into the sulphate.*'* 

(B) The ignition of the sulphate to the oxide.® 

(C) The precipitation of magnesium sulphate with barium chloride.’^ 

(D) The precipitation of magnesium chloride with silver nitrate.® 

(E) The ignition of the oxalate into the oxide.® 

(F) The ignition of the carbonate into the oxide. 

(G) The conversion of the metal into the oxide.^^ 

In 1884 Marignac critically reviewed the determinations of the 

1 Aston, Isotopes (Arnold & Co,), 1922, pp. 80-83. 

2 Warren, Ohem. News, 1889, 6 o, 187. 

® Grignard, CompL rerid.y 1900, 130 , 1322. 

* Hepworth, J. Soc. Chem. Ind., 1922, 41 , 7T. 

Berzelius, Ann. Ckim. Phys.y 1820, 14 , 373 ; Svanberg and Nordonfeldt, J. prakt. 
(Jhem.y 1848, 45 , 473 ; Bahr, ihid.y 1852, 56 , 489 ; Marignac, Ann. Chim. Phys.y 1884, [0], 
I, 321. 

® Jacquelain, Ann. Chim. Phys., 1851, [3J, 32 , 195 ; Marignac, loc cit. 

’ Gay-Lussac, ibid.y 1820, [2J, 13 , 308; Scheerer, Pogg. Annalen, 1846, 69 , 535; 1847, 
70 , 407 ; Jacquelain, loc. cit. 

® Dumas, Ann. Chim. Phys., 1859, [ 3 ], $ 5 , 187 (MgCh : 2 Ag) ; Richards and Parker, 
Zeitsch. amrg. Chem., 1897, 13 , 81 (MgCh : 2 Ag and MgCL : 2 AgCl). 

® Svanberg and NordenfeJdt, J. prakt. Chem., 1848, 45 , 473. 

Marchand and Scheerer, ihid.y 1850, 50 , 385 (later corrections in Scheerer, Annalen, 
1858, no, 236) ; Jacquelain, Ann. Chim. Phys., 1851, [3], 32 , 195. 

Burton and Vorce, Amer. Chem. J., 1890, 12 , 219. 

Marignac, Ann. Chim. Phys., 1884, [ 6 ], i, 321. 
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atomic weight of magnesium, and obtained the ratio 
MgO : MgSO4-=100 : 298*27 

as the mean of ten conversions of the pure oxide into the sulphate, and 
the ratio 

MgO : MgSO4=l()0 : 298*31 

as the mean of twelve ignitions of the sul})hatc into the oxide. 

Using the atomic weights 0 = 16 and S =32*065, these results cal- 
culate to atomic weights for magnesium of 24*38 and 24*37 respectively. 
Burton and Vorce, in 1890,^ obtained the ratio 

Mg : MgO = 10() : 165*877 

by converting the carefully purified metal into the nitrate and igniting 
to the oxide. This result, which is the mean of ten determinations, 
gives an atomic weight of 24*287 for magnesium, if 0 = 16. 

Dumas, in 1859,^ as the mean of eleven determinations, obtained 
the ratio 

MgClg : 2Ag = 100 : 225*91 

by estimating the silver after ]irecipitating magnesium chloride with 
silver nitrate. Using atomic weights CK- 35*457 and Ag = 107*880, 
this result gives 24*59 for the atomic weight of magnesium. Dumas 
was not very confident in his result, since he found it difficult to ensurci 
the purity of his magnesium chloride, but he decided that it was prob- 
ably better to retain 12 as the equivalent of magnesium instead of the 
12*5 of Berzelius, pending further investigation. 

Richards and Parker, in 1897,^ obtained the following results. 
Both their atomic weights for magnesium, calculated by using 0-16, 
Cl =35*456, and Ag = 107*930, and atomic weights calculated from the 
fundamental data used in this scries, namely, Ag = 107*880 and 
Cl = 35 • 457, are gi ven . 


Ratio. 

No. of 
Determina- 
tions 

Atomic Weight 
(Richards and 
Parker). 

Atomic Weight 
(Recalculated). 

MgCl, : ‘iAgC'UaOO : 300-975 

5 

24*369 

24*334 

MgCla : 2Ag --=100 : 220-566 

6 

24*365 

24*321 

MgClg : 2Ag =100 : 226-559 

6 

24*362 

24*319 


In 1909 the International Commission on Atomic Weights altered 
the value from the 24*36 then in use to 24*32, and this value was 
retained in 1925.^ 

ALLOYS OF MAGNESIUM. 

Alloys of magnesium and zinc resist oxidation more than either of 
the metals separately.® Many other magnesium alloys are very chemi- 

^ Burton and Voice, Amer. Ckem. J,, 1890, 12, 219. 

* Dumas, Ann. Chim. Phys., 1869, [3], 55, 187. 

® Richards and Parker, Zeitsch. anorg. Chem., 1897, 13, 81. 

* Proc. Chem. Soc., 1908, 24, 6 ; 1909, 25, 8; J. Amer. Chem, iSoc., 1926, 47, 697. 

® Ashcroft, Trans. FaraMy Soc., 1919, 14, 271. 
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cally reactive. Lc Bon found that magnesium acted much more vigor- 
ously on water wlien it was amalgamated with very small quantities of 
mercury.^ In 1864 Phipson d(*scribed a hard, brittle, lavender-coloured 
alloy containing 85 ])arts of tin and 15 of magnesium, which decom})Oscd 
water at ordinary temjjcratures and took lire if air were admitted 
during its preparation.^ Tliis was a forerunner of a series of very 
chemically active alloys which contain magnesium. 

Alloys containing 5-50 per cent, magnesium and 05 -50 per cent. 
lead ra})idly a})sorb oxygen from moist air. The alloy consisting of the 
compound MggPb is the most reactive : heat is required when the 
magnesium exceeds 85 per cent. The oxidation crumbles the alloy to 
a black powder of Mg(OH )2 and Pb 2 (^B) 2 . In presence of water the 
Pb 2 (OIT )2 oxidises to Pb(()ll) 2 . Free hydrogen is liberated when the 
alloys are boiled with water ; digestion with water under pressure at 
about 150° C. completely oxidises the lead to lead oxide and liberates 
the theoretical quantity of hydrogen.^* ^ MgaPb is the only known 
definite compound of magnesium and lead.^’ ^ 

The pyro])horic alloys, such as are used in cigarette-lighters, etc., 
which produce sj)arks when struck with hardened steel, contain cerium 
alloyed with other metals — usually iron. These alloys spark easily, 
because cerium combines energetically with oxygen at a low tempera- 
ture. A surface lilm of black cerium suboxide may be an important 
agent in the process.® According to llirseh, alloys of magnesium with 
75-85 per cent, of cerium are highly ])yrophoric.® The compound 
CeMg contains approximately 85 per cent, of cerium, and Vogel says 
that the alloy corresjxmding with this comjxnmd is j)yrophoric. He 
says the same of the alloy corresponding to (ki 4 Mg, which contains 
about 96 per cent, of cerium. Since the combination between mag- 
nesium and cerium is endothermic, their alloys are very (‘ffective in 
thermal reduction processes.® 

The industrially important alloys of magnesium and aluminium, 
known as magnaliujn, were originally prepared by making molten 
aluminium the cathode in a fused salt of magjiesium.® The earlier 
magnaliums appear to have contained less than 2 per cent, of mag- 
nesium.® Magnesium com})ounds, such as carriallite, are now com- 
monly electrolysed below a red heat and aluminium added during the 
process.^® 

The tensile strength and elastic limit of the alloys show a maximum 
at about 8 per cent, of magnesium. They increase in hardness and de- 
crease in density with the magnesium content. The alloys containing 
10-30 per cent, of magnesium are malleable, have a density between 2 0 
and 2*5, are suitable for castings, easily worked without softening, polish 
well, and do not fracture easily. They polish better and become more 

1 Lo Bon, Compt. rend., 1900, 131 , 706. 

* Phipson, Proc. Roy, 80 c., 1864, 13 , 217. 

® Ashcroft, Trans. Faraday 80 c., 1919, 14 , 271. 

* (Irubo, Zeitsch. anorg. Chem., 1905, 44 , 117. 

Kurnakoff and Stepanoff, ibid., 1905, 46 , 177. 

® Hirsch, Met. and Chem. Mng., 1911, 9 , 540. 

^ Vogel, Zeitsch. anorg. Chem., 1916, 91 , 277. 

® English Patent, 14582 (15th July 1899). 

” Barnet, J. 80 c. Chem. Ind., 1906, 24 , 832. 

Bliioher, Modern Industrial Chemistry (translated by Millington) (Gresham Pub- 
lishing Co., London), 1914. 

^ ^ B, Ohtani, Kogyo-Kwagaku Zasshi, J, Cliem. Ind. (Japan), 1922, 25 , 36. 
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brittle with increase in the magnesium content.^ Magnaliiim docs not 
easily corrode. ^ 

The common magnaliiim, containing 10 per cent, of magnesium, can 
be soldered ® and plated Avitii gold or ni(*kel.^ 

Since magnalium retains a silvery lustre it is useful for making 
certain parts of optical instruments,'* sueli as mirrors, and is used in 
parts of various machines and scientific instruments. 

The compound Mg 4 Al 3 consists of silver-wliite, hard, brittle crystals.^ 
There is probably a compound MgAl, and there may he MggAla. 
and MgAl^ are doubtful.® 

Lithium and magnesium a])pcar to form solid solutions.’ 

Sodium^ according to Phipson, forms malleable alloys with mag- 
nesium that readily decompose water.® According to Mathewson 
sodium will dissolve about 1*6 per cent, of magnesium at 057" C., but 
the latter separates out in hexagonal crystals as the tcaujicratun^ falls. 
Magnesium will dissolve about 2 per cent, of sodium.*^ 

Potassium appears not to mix with fused magnesium,*® though 
Phipson said it formed malleable alloys that decomposed water.® 

Copper forms MggCu and MgCug, indicated by the fre(‘zing-])oint 
curve, that are brittle, crystalline, and colourc'd like magnesium.** 
Boudouard found an indication ol* MgCu on the curve, and claimed to 
have isolated this compound. *^^ 

A^^7^;6T. Alloys of silver and magnesium are harder than their com- 
])onents, brittle, and more easily oxidistnl or decomposed by water 
than magnesium itself. Freezing-point and conductivity curves indi- 
cate the comj)ounds MgAg and MggAg.*® 

Gold forms alloys with magnesium that are stable in air at ordinary 
temperatures. They are yellow when the ])ercentage of magnesium is 
not over 18 and silver-grey when it is. 

Mg 3 Au (m.-pt. 83" C.), MggAu (m.-pt. 706° C.), and MgAu (m.-pt. 
1160° C.) are indicated on the freezing-point curve. MggAu separates 
from its alloys with magnesium in large regular crystals. The action 
between gold and molten magnesium is violent.*'* 

Calcium alloys with magnesium in all pro])ortions. The alloys with 
10 per cent, and over of calcium are brittle.*^* UaaMg^, indicated on the 
freezing-point curve, is silvery, brittle, stable in air, and only slowly 
acted upon by water.*® 

Zim, — The compound Mg 4 Zn has been described,*’ but MgZn^ seems 

* Blucher, loc. cit. * Barnet, loc. cit. 

3 J. Soc. Che.7n. Inti, 1901, 20 , 815. 

^ Ibid., 1900, 19 , 557. 

Grube, Zeitsch, anorg. Cheni., 1905, 45 , 225; Vogel, ibid., 1919, 107 , 265. 

* Boudouard, Compl rend., 1901, 132 , 1325; Broniewski, ibid., 1911, 152 , 85. 

’ Masing and Tammann, Zeitach. anorg. Chem., 1910, 67 , 183. 

8 Phipson, Proc. Roy. Soc., 1864, 13 , 217. 

® Mathewson, Zeitach. anorg. Chem., 1906, 48 , 191. 

Smith, ibid., 1907, 56 , 109. 

Urazoif, J. Russ. Phys. Chem. Soc., 1907, 39 , 1566 ; Sahmen, Zeitsch. aivorg. Chem., 
1908, 57 , 1 . 

^3 Boudouard, Compt. rend., 1902, 135 , 794 ; 1903, 136 , 1327. 

^3 Schemtschuschny, Zeitsch. anorg. Chem., 1906, 49 , 400 ; Smirnoff and Ktimakoff, 
J. Russ. Phys. Chem. Soc., 1909, 41 , 108 ; Zeitsch. anorg. Chem , 1911, 72 , 31. 

Vogel, Zeitsch. anorg. Chem., 1909, 63 , 169. 

Stockem, MetaUurgie, 1906, 3 , 147. 

Baar, Zeitsch. anorg. Chem., 1911, 70 , 352. 

Boudouard, Compt. rend., 1904, 139 , 424. 
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to be the only known compound of adnc with magnesium.^ It has been 
isolated by distilling off, in vacuo, the excess of zinc from a mixture of 
its constituents, and can be distilled in vacuo without change.^ 

Cadmium and magnesium form a single compound, MgCd, which is 
greyish white, slightly harder than cadmium, oxidised in moist air, 
and acted upon readily by water.^ Two forms of MgCd, differing in 
hardness, are indicated by electrical conductivity experiments.® It 
melts at 427° C. and dissolves in all proportions in either metal. 
Magnesium and cadmium form a continuous series of solid solutions,^ 

Mercury . — Magnesium does not amalgamate easily,® but amalgams 
have been made by introducing magnesium ribbon into nearly boiling 
mercury, and by acting on crystalline magnesium sulphate with potassium 
amalgam. Silvery crystals of an amalgam have been prepared by rub- 
bing small quantities of magnesium at a time into mercury contained 
in a warm mortar. The product dulled m air. The immediate pro- 
duct is a thick fluid which cools to a hard crystalline mass. One ])art 
of magnesium and 18 parts of mercury (practically MgHgg) give the 
most satisfactory product. These amalgams reduce many organics 
compounds.^ 

Cambi and Speroni aflirm the existence of MgHgg and suggest that 
of Mgllg.7 

Magnesium amalgams decompose water.® 

Thallium alloys with magnesium blacken in air, especially if the 
air is moist, through oxidation. The melting-point curve indicates the 
compounds MggTl.j, Mg^Tl, and Mg^Tlg.® 

Tin forms the compound MggSn when it is melted with magnesium 
in hydrogen at 700°-800° C. The combination develops heat, and the 
compound is brittle and easily tarnished in air.® It crystallises in 
regular octahedra.^® 

Antimony forms MggSbg in steel-grey needles that slowly oxidise 
in air.^ 

Bismuth forms MggBig, a steel-grey brittle compound that slowly 
oxidises in moist air.^ 

Nickel and magnesium are quite miscible in the fused state. The 
freezing-point curve indicates the compounds MgNig and MggNi.^^ 

COMPOUNDS OF MAGNESIUM. 

MAGNESIUM AND HYDROGEN. 

Magnesium Hydride. — ^Winkler observed an absorption of gas 
when magnesium and magnesium oxide were heated in a current of 
hydrogen. The solid product had an unpleasant odour, evolved 

^ Grube, Zeitsch. anorg. Chem,, 1906, 49 , 72. 

* Berry, Proc. Boy. Soc., 1911, 86 , 67. 

* Urazoff, J. Buss. Phys. Ghem. Soc., 1911, 43 , 752. 

* Giiillet, Bev. Met., 1^22, 19 , 359, 

* Phipson, Proc. Boy. 80 c., 1864, 13 , 217. 

® Evans and Eetsoh, J. Amer. Chem. Soc., 1904, 26 , 1158. 

’ Oambi and Speroni, Aiti B. Accad. Lincei, 1915, [v], 24 , i, 734. 

® Hartley, Chem. News, 1866, 14 , 73. 

® Grube, Zeitsch. anorg. Chem., 1905, 46 , 76. 

Sustschinsky, Zeitsch. Kryst. Min., 1903, 38 , 264. 

“ Voss, Zeitsidi. anorg. Chem., 1908, 57 , 34. 
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hydrogen slowly in contact with water, and produced water when it 
was heated in oxygen.^ Jolibois, by a different method, obtained a 
grey powder which much more certainly contained magnesium hydride 
than Winkler’s product. It decomposed at 280° C. with evolution of 
hydrogen, and 1 molecule of hydrogen was expelled for every atom of 
magnesium — corresponding to the formula Mgllg. Jolibois obtained 
his product by heating magnesium ethyl iodide (electrically) to 175° C. 
Dry ether washed practically all the iodine out of it, and it then, in 
contact with water, gave off hydrogen which took fire.^ 

A characteristic Sf)cctrum, obtained by high-frequency discharge 
between magnesium electrodes in hydrogen^ and observed in sun-spot 
spectra,^ has been attributed to magnesium hydride. 

MAGNESIUM AND THE HALOGENS. 

Magnesium Fluoride, MgFg, unlike other magnesium halides, is 
very sparingly soluble in water : 7 6 mgm. of the amorphous variety 
dissolve in 1 litre of pure watcr.^ It is precipitated in a gelatinous 
form from magiiesium sulphate solution by alkali fluorides. Cossa 
advises dissolving pure magnesia in hydrofluoric acid and expelling the 
excess of acid by heat.® The white amorphous fluoride is converted 
by fusion, cither with ’ or without® salt, into a crystalline variety which 
is identical with tlic mineral scllaite.® Sellaite occurs as small, trans- 
parent tetragonal crystals, with a density of 2*95 3*10 and a hardness 
of 5.® 

Crystalline magnesium fluoride is very infusible, only slightly 
attacked by all acids except sulphuric, and can be made to fluoresce 
or phosphoresce.®’ It forms readily fusible com})ounds wuth barium, 
strontium, and calcium sulphates, and interacts with aluminium sul- 
phate to form aluminium fluoride.® 

A process has been patented for preparing magnesium fluoride by 
heating, in a dry or wet way, calcium fluoride with magnesium chloride, 
or with a double chloride of magnesium and potassium.® 

NaF. 2 MgF 2 is obtained by boiling magnesia with a solution of sodium 
fluoride,^® or crystalline by fusing magnesium chloride with excess of 
sodium fluoride and sodium chloride.^^ 

When a fusion of magnesia and potassium fluoride (or potassium 
hydrogen fluoride) is cooled, flattened quadratic prisms of MgFg.SKF 
result. Crystalline, MgF 2 . 2 KF, is simultaneously produced by increasing 
the proportion of magnesia in the melt. Both compounds are attacked 
by sulphuric and hydrochloric acids. 

1 Winkler, Ber., 1891, 24 , 1966. 

® Jolibois, Compt, rerld., 1912, 154 , 116. 

® Brooks, Proc. Boy. Soc., 1908, 80 A, 218. 

* Fowler, Phil. Trans. , 1^9, 209 A, 447. 

® Kohlrausch, Zeitsch. physikal. Chem., 1905, 50 , 356. 

® Cossa, Oazzetta, 1877, 7 , 212. 

^ Roder, Dissertation (Gottingen), 1863 ; Dammer, Handhuch der amrganischen chemie 
(Enke, Stuttgart), 1894, II, 2 , 423. 

8 Feldmann, J. Soc. Chem. Ind., 1888, 7 , 122. 

8 Striiver, Jahresher., 1868, 1020. 

Tissier, ibid., 1863, 158. 

Geuther, ibid., 1865, 173. 

^8 Buboin, Compt. rend., 1895, X20, 678. 
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The following double fluorides have been reported : M^TiFe.GlTgO,^ 
M^rZrFe.5H20,2 M^rSnFe.OIIgO.i 

Magnesium Chloride. Anhydrous M^rCU is white, deliquescent, 
and sohd)le in water with oreat (‘volution of li(‘at. It is fornu'd by the 
a(‘tion of chlorine on tlu* nK‘LiJ ^ or on h(‘ated ma.^niesiuin oxide, ^ or, 
irKjre easily, on a heated mixture of magnesium oxide and carbon.*^ 

It has also })een prepar(‘d by heating 
in^ the hydroxide in hydrogen cliloride,’' and by lieating the hexa- 
hydrate in vacuo at 175"^ 

It is easily distilled in a (current of hydrogen, and tiie cooled product 
crystallises into shining laminated crystals tliat have a density of 
21 77 » and melt at 708° 

Between 580° C. and 700° C. the reactior) 

2MgC:i2 h02^2MgO I 2C lo 

is endothermi(\^^’ 

Between 850° C, and 505° C. the rea(‘tion 

MgClg-l HsO^MgC ^IlO) f IICl 

is exothermic. The oxychloride deemupem's from 505 -510° and 
above the latter temjx'rature th<‘ rea(d-ion 

MgCl2+lM)^MgO+2llCl 

is cndoth(‘rmic.^^ Hydrogen chloride has ])een pre])ar(‘d by this last 
reaction. 

The monoetherate, MgCIg.EtgO, has been obtained in white acicular 
crystals.^'* 

MgCl2.4NH3 has been ])reparcd as an easily decomposable corn- 
poundd^ and MgClg'^NlI.^ has also been rcport(Ml.^® 

When a solution of oxide or carbonate of magnesium in hydro- 
chloric acid is crystallised, the hexahydrate, MgCL 2 .()H 20 , se})arates as 
colourless monoclinic crystals with a (Icnsity of 1*50 and a bitter taste. 
The hexahydrate is stable in contact with the saturatt'd solution of 
magnesium chloride from —8 4° to 116-7° C. From 116-7° to 181° C. 
the tetrahydrate is the stable form and the dihydrate above 181° (.\ 
From —3*4° to —16-8° C. the a-octahydrate is stable. Bctweeii 
—9*6° C. and —17*4° C. a labile solution may be in eepulibrium 
with the labile j8-octahydrate. The dodecahydratc is the stable 

^ Marignac, Ann. Mine^y 1859, [5], 15, 250. 

2 Marignac, J. prakt. Chem.y 1801, 83, 202. 

® Ohmann, 7icr., 1920, 538, 1429. 

* Gay-Lus8ao and Th6nard, MechercheSy 1811, 2, 143. 

^ Bussy, J. Ch. med.y 1830, 6, 142. 

® Dobereiner, Schweigger's 1820, 2, 90 ; Liebig, Pogg. Annalen, 1830, 19, 137. 

’ Hempel, /ier., 1888, 21, 897. 

8 German Patent, 161002 (1903). 

® Deville and Caron, Ann, Ghim. Phys., 1803, [3], 67, 340. 

Camelley, Trans. Chem. 80 c. y 1878, 33, 273. 

Haber and Flcischmann, ZeitsrX anorg. Chem., 1900, 51, 336. 

Moldenhauer, ibid.y 1900, 51, 369. 

German Patent, 61084 (1889). 

Domanicki, J. Russ. Phys. Chem. Soc., 1916, 47, 1790. 

Clark, Annaleny 1861, 78, 369. 

Isaml^rt, Jahresber.. 1868. 182. 
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form from to — C. : the crystals arc lighter than their 

mother-liquor.^ 

A monohydrate has b(‘cn prepared by heating the tetrahydrate 
above 111° C. in hydrogen chloride, ^ and a dihydrate has been obtained 
as small, white, deliquesecmt crystals from a solution of the chloride in 
hydrochloric acid.-'* 

The hexahydrate is obtained as a by-]iroduet in the preparation of 

M 



Fic,. 2. 

A. )Stable solutions in contact with icc, curve AIT 

IT Stable solutions in contact with the following hydrates : 
MgCl2.l2H20, curve BDK; MgCl2.87H2(), (uirve EJ ; 
curve JK ; MgCl2.4Jr20, curve KL ; MgCJ2-2H2(), curve LM. 

C. Labile solutions in contact with MgCl2.8/JH.20, curve EH ; 
MgCl2.12H20, curve EG ; MgClg.SaH^O, curve EG ; MgCl^.bHaO, 
curve JG ; Ice, curve BC. 

potassium chloride from carnallite, in the Weldon process, and in the 
Solvay alkali process. 

Concentrated solutions of magnesium chloride dissolve oxide or 
carbonate of lead, lead sulphate, and srilall amounts of zinc oxide. ^ 

One hundred parts of water dissolve 52-2 parts of MgClg at 0° C., 
and the density of the saturated solution at 15° C. is 1-3619.® 

^ Bogorodosky, J. Huss. Phys. Chem. Soc., 1898, $0, 7H5 ; van ’t Hoff and Meyer- 
hoffer, Zeitsch. physikal. Chem.y 1898, 27, 75. 

^ Moldenhauer, Zeitsch. anorg. Chem., 1906, 51, 369. 

» Ditte, Ann. Ohim. Phys., 1881, [5], 22, 560. 

* Hof, Chem. Zeit., 1909, 33, 1077. 

® Engel, Bull. Soc. chim., 1887, [2], 47,1318, 

VOL. III. : II. 
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, The solubility of MgClg.OHgO in parts of M^Clg per 100 parts 
solution is ” 

Temperature, ^ . 22 02 08-2 79-7 116-07 

Solution . . . 85-5 38-0 38-8 89-5 40-1^ 

MgClg and MgClg.OIlgO are soluble in alcohol. 

[Mg] + (CIJ -IMgClal + 1 51 -01 Cal. 

[MgClg] 4 Aq. —MgClg.Aq. t 85-92 Cal. 

fMgClg.OlLp] + Aq. =-MgCl 2 .Aq. +2-987 Cal.^ 

Basic Chlorides .“Magnesium chloride has a corrosive action on 
steam boilers,^ and when its solution is evaporated it begins to give 
off hydrogen chloride when the MgCl 2 and IlgO are in about tlie ])ro- 
portion of 1 molecailc to O.'* 

Sorel found that a mixture of calcined magnesia with concentrated 
magnesium chloride solution set in a few hours to a solid mass.^ Mag- 
nesia or Sore] cements are now prepared by heating sliglitly burned 
dolomite with solutions of magnesium chloride. Gelatinous liquids, 
such as glue solutions, are added to secure effective mixing. Magnesia 
cements arc useful for cementing metallic objects, but the atmosphere 
acts upon them.® 

Various comjjoiinds corresponding to the general formula MgCU. 
^rMgO./yHgO have been described.'^ These magnesium oxychlorides 
are ])robably solid solutions and not definite compounds.® According 
to Robinson and Waggaman,® the solid substance in equilibrium with 
solutions containing less than 10 per cent, of MgGIg indefinite solid 
solution, and MgCl 2 . 8 MgO. 10 ll 2 O is the solid in contact with more con- 
centrated solutions. 

The compact products of the action of magnesium chloride on the 
oxide will polish. They absorb carbon dioxide, and water dissolves 
magnesium chloride out of them. The crystallised ]ireparations are 
also attacked by water. Prolonged treatment with water leaves a 
compact solid as hard as sandstone, which will polish.^^ This residue is 

^ van ’t Hoff ami Meyerhoffer, Zeitsch. phynikal. Chem., 1898, 27 , 75. For densities 
of solutions, see Kremers, Pogg. A^inalen, 1858, 104 , 155; Gerlach, ZeiUch. anal. Chem.^ 
1869, 8, 281, 283 ; Oudemans, Zeitsch. anal. Gkem., 1868, 7 , 420 ; Wagner, Zeitsch. phy- 
sikal. Chem., 1890, 5 , 31. For freezing-points of solutions, see Loomis, Ami. Phys. Chem., 
1896, [2], 57 , 495 ; Jones and Chambers, Amer. Chem. J., 1900, 23 , 89. For boiling- 
points of solutions, see Gerlach, Zeitsch. anal. Chem.^ 1887, 26 , 440 ; Skinner, Tram, 
Chetn. iSoc.f 1892, 61 , 341. For transference ratios, see Becie, Zeitsch. jihysikal. Chem.y 
1898, 27 , 1 . For heat of dilution, see Bunnington and Hoggard, Amer. Cherri. J., 1899, 
22 , 207. 

* Thomsen, J. prakt. Chem., 1875, [ 2 ], ii, 233. See also Berthclot and Ilosvay, 
Ann. Chim. Phys., 1883, [5], 29 , 304. 

® Feld, Chem. Zeit., 1902, 26 , 1099. 

* Casaseca, Cornpt. rend., 1853, 37 , 350; Hof, Chem. Zeit., 1915, 39 , 470, 

^ Sorel, Compt. rend., 1867, 65 , 102 . 

® Bliioher, Modern Industrial Chemistry (translated by Millington) (Gresham Publishing 
Co., London), 1914. 

’ Bender, Annalen, 1871, 159 , 341 ; Davis, Chem. News, 1872, 25 , 258 ; Krause, 
Annalen, 1873, 165 , 38; Andre, Compt. rend., 1887, 94 , 444; Robinson and Waggaman, 
J. Physical Chem., 1909, 13 , 673. 

® Kallauner, Chem. Zeit., 1909, 33 , 871. 

® ^binson and Waggaman, he. cit. See Hof, Chem. Zeit., 1908, 32 , 993. 

Krause, he. cit. ; Andr 6 , he. cit. 

Bender, he. cit. 
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a hydrated maj^nesinni oxide, 2Mf^0.3H20, and resembles the mineral 
briieite, Mg(OIl) 2 . 

Double Chlorides. — A double ehloride of sodium and lua^nesium, 
namely, NaCl.M^Clg. iudieated on tlie freezing-point eurve,^ and is 
said to have been pre})ared erystalline.^ The ])otassium salts, KCl.MgCla 
and 2 KCl.MgCl 2 ,^ are indicated on tlie freezing-point curve. ^ On rais- 
ing a cool solution of potassium and ma^mesiuin chlorides to -"2r" C., 
carnallite, KCl.MgCla-CtlgO,^ which is unstabh^ at lower temperatures, 
is formed according to the equation - 

KCl f MgCl2.12H20 ^-^KCl.MgC^.ClToO + 0 H 2 O. 

Above 107-5° C. the carnallite is again completely d(‘(!()mpos(ul, and at 
all int(Tjnediate temperatures it is partially decom])os(Ml by water. At 
thes(‘ intermediate temperatures carnallite can only exist in contacT with 
a solution containing excess of potassium or magnesium chloride.'^ 

Carnallite is concentrated commenaally until the bulk of the 
potassium chloride is dc])osited. Magnesium ehloride is obtained from 
the mother-liquor and used for pn^pariug other magnesium salts. 

Carnallite occurs at Stassfurt in large masses, whi(»h are usually 
tinged red with iron.^* It also ocicurs in some salt lakes.’' 

Pure carnallite crystallises in colourless rhombic prisms which have 
a hardness of 1, a density of l-G, and deliquesce in air, leaving a residue 
of solid potassium chloride. One hundred parts of wabn’ at C, 
dissolve Oi-5 parts of carnallite with lowering of temperature'. Natural 
(‘arnallite contains rubidium and cajsium.® 

UbCl.MgCl 2 . 0 ll 2 O« and CsCLMgCla-GHgO have been described. 

Ammonium magnesium chloride, Nll 4 .MgCl 2 .Gll 20 ,^<^ crystallises from 
a solution of its constituent salts in small, colourless, del ujuescent crystals 
which dissolve in G })arts of water and have a density of 1* 15G. 

Smaller crystals deposit from a solution containing the sulphates of 
magnesium and ammonium together with magnesium ehloride. 

Magnesium chloride free from oxide is obtained by igniting the double 
ehloride. 

2 MgCl 2 .CaCl 2 . 121120 crystallises, above 22° C., from a solution of 
its constituent salts in appropriate proportions.^- It occurs in the 
Stassfurt deposits as transparent deliquescent masses, which are fre- 
quently yellow, and is known as tachhydrite^'^ It cTystalliscs in the hexa- 
gonal rhombohedral system, and has a hardness of 2-5. At 15' C. the 
density of the mineral is 1G71, and of the artificial crystals prepared by 
reaction between the component salts l-GGG.^'^ 

^ Mengo, Zeitsch, anorg. Chem., 191 1, 72, 162. 

® Poggiale, Oompt rend., 1870,20, 1J30; ScIujIU^d, Bull. Boo. fran<:. Min., 1898, 
21, 87. 

** Produced analogously to the corresponding double fluoride (l)uboiii, Compt. rend., 
1895, 120, 678). 

^ Rose, Fogg. Annalen, 1856, 98, 161. 

® van ‘t Hoff and Meyorhoffer, Zeitneh. phy/tiknl. Chew,., 1899, 30, 64. 

« Hake, J. Soc. Chem. Ind., 1883, 2, 146. ' 

^ Merle, Bull. Soc. chim., 1868, [2J, 10, 63 ; Schnikor, Jukresher., 1862, 767. 

® Feit and Kubiorseky, Ohe/ni. Zeit, 1892, 16, 335. 

® Wells and Campbell, Zeitsch. anorg. Chem., 1893, 5, 273. 

Kittel, Jahresber., 1857, 160. 

“ do Schulten, Bull. Soc, chim., 1897, [3], 17, 165. 

van ’t Hoff| Zeitsch. anorg. Chem., 1905, 47, 245. 

Rammelsberg, Pogg. Annahn, 1856, 98, 261. 

** de Schulten, Gompt. rend., 1890, m, 929. 
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MgClg.ZnClg.GHaO,! MgCl2.CdCl2.12H20.2 MgCl2.1IgCJ2.Cll20 and 
MgCl2.3Hg(:i2.5lIoO,‘' Mgdg.t^TJCla.OlIgO/ ‘iMgCla^PbClg.TSHgO,^ 
MgCl2.Mg(C1.0Il)“2SbC1,.17ll20,« and MgCL^.^MnCla.l^IIgO ^ have 
))een deseribed. 

Magnesium Bromide. -Anhydrous MgBr2 lias been prejiared by 
the Jietion of broniine on a lieated mixture of carbon and magnesium 
oxide, or on the heated metal, by melting tlie anhydrous chloride with 
ammonium liromide, and by lieating a mixtur(‘ of ammonium bromide 
and hydrated magnesium bromide. It is a wliitc crystalline mass, 
resembling magnesium cliloride, which is hygroscopic^ easily oxidised 
in air, and not volatile.^ It melts at (>95” C.^ 

It dissolve's freely in water with the e\ olution of heat,^®’ and 
crystallises, under ordinary conditions, from its aqueous solutions as 
MgBrg.GlIgO.®* This hexahydrate occurs naturally in the upper 
layers of tlie Stassiurt dcfiosits, and can bet jm'parcd liy dissolving mag- 
nesium ii\ hydro bromic acid and crystallising over sulphuric actid,^'^ or 
by the action ol‘ bromine on magnesium dust and water.^ The jnire 
product from tlu‘ deconqiosition of the dietherate melts at 1G1° 
MgBro.lOHoO crystallises at lower temperatures : it melts and loses 
water at 12° CV'^> 

The hexahydrate loses 2 molecules of watc^r on heating, and at 
higher temjieratures both hydrogen bromide and water are liber- 
ated. An atmosj)lu^r(‘ of hydrogen bromide* inhibits the deeomjiosi- 
tion.^^ 

The heat of c?ombination of MgBrg is 21 -TOO Cal., and its heat of 
solution is 4«‘3-30() Cal.^® 

Magn(‘sium bromide occurs in sea-water and in saline springs. 
Magnesium Oxybromides. — MgBra.JiMgO.BiHgO has been pre- 
})ared in small acicular crystals by dissolving caleinc'd magnesia in 
magnesium bromide solution. It loses 0 moleeul(‘s of water at 120'^ C., 
and is deeom|)osed by water or alcohol.’’ 

MgBr(OII).MgBr2.2(C2lIrj20 has been jirepared as colourless hygro- 
scopic crystals wliich are dc'composed by water.’^ 

Double Bromides of Magnesium. The following have 
been described : KBr . MgBrg . rdl.O, NlCjBr . MgBi’g . GTIsO,’®’ « 

’ Warner, Chein. News, 1873, 27, 271. 

“ Hinibach, Her., 1897, 30, 3073. 

•'* BonsdorfT, Pogy. Atmalen, 1829, 17, 133. 

* Uewceke, Annalen, 1909, 366, 217. 

^ Otto and Drewes, Arch, Pharm., 1890. 228, 495. 

® Wanland and Schlegel milch. Per., 1901, 34, 2633. 

’ Saiiadors, Amer. Ohem.. ./., 1892, 14, 148. 

® Lerch, J. prakt. Chem,, 1883, [2], 28, 338. For action of broniine on magnesium, 
also see Gautier and Sharpy, Compt. rend., 1891, 113, 597. 

® Carnellcy, Trans. Chem. 80 c., 1878. 33, 273. 

Mylius and Funk, Per., 1897, 30, |2], 1716. 

Menschutkin, Zeitsch. anorg. Chem., 1907, 52, 152. 

For densities of solutions, see Geiiach, Zeitsch. anal. Chem., 1869, 8, 285. 

van ’t Hoff and Dawson, Zeitsch. physikal. Chem., 1897, 22, 598. 

** Kreider, Amer. J. Sc4., 1905, (ivj, 20, 97. 

Panfilow, J. Buss. Phys, Chem.. Soc., 1894, 26, 231. 

Beketoff, Chem. Zentr., 1892, i, 11. 

Tassilly, Compt. rend., 1897, 125, 605. 

Holroyd, Proc. Chem. Soc., 1904, 20, 38. 

Feit, J. prakt. Chem., 1889, [2), 39, 373, do 8ehulten, Pull. Hoc. 6 him., 1897, fiii], 
17, 107. 



MAGNESIUM ANJ) ITS COMPOUNDS. 


53 


M^?l3r2.SnBr4.1()H20,^ 2MgBr2.PbBr.2.1GH20,2 MgBro.lI^Br,, MgBro. 
‘illgBra, MgBra.^MnBrg.UiHaO.-^ - - 

Magnesium Iodide. -Anhydrous Mglg is siiuihir to Mglir2, though 
it is more easily oxidised and j»ielts at a liigher temperature. It has 
not been prepared, a])j:)arently, by passing iodine vapour over a heated 
mixture of earbon and magnesium oxide, but its methods of ])repara" 
tion are similar to those of the bromide.*^ 

A saturated solution contains MS parts of MgL in ev(*ry 100 parts 
of water.'"’® MgJa.SlIgO separates at ordinary temperatures from a 
solution either of the anhydrous salt in water or of magnesia in 
hydriodie acid,’ or, in colourless prismatic needles, Irom tlu^ product 
of the action of iodine on magnesium f)owder and water.^ At lower 
temi)eratures Mgl2.10ll2O se])arates.'" 

Magnesium iodide occurs in sea-water and saline springs ; it forms 
double salts with mcTcuric chloride.® 

The heat of combination of Mglo is 81*S()() Cal., and the heat of 
solution 40-80() Cal.® 

Double Iodides, KI.Mgl^.bHaO and NHjI.Mgl^.bHgO, have 
been ])repared by evaporating solutions ol‘ the mixed salts over 
sulphuric, acid in a vacuum. They crystallise’ in llai.tened ])risms 
of densities 2*54*7 and 2*3t(> at 15'^’ C.*® ‘ Mgl2.2BiI.i.l2ll20 has been 
obtained. 

Oxyhaiogen Compounds of Magnesium. When magnesium 
oxide or hydroxide is dissolved in hypnchlurous or fujpohromou.s aeid,^^ 
or its susj)ension in water Ireaited with (*hlorine or bromine,^® or when 
bl(’aehing-])owder suspension in water is luxated with magnesium sul- 
phate, the resulting solutions have bleaching j)ro])erties. 'Tlu’se solu- 
tions decompose slowly in the cold, and raj)idly on heating, to halides 
and halate. They are otten preferred to bleaching powden* for bleach- 
ing because they arc less caustic. Magnesium hypobromite and 
bromate are produced by electrolysing potassium bromide solution.^® 
Magnesium metal dissolve’s in hy])oehlorous acid to a relatively stable 
hypochlorite solution. 

Magnesium Chlorate, MgCClO.jlg.bH^O, occurs in deliepiescent 
crystals which are soluble in water and in alcohol, melt in their own 
water at 40° C., and decomi)osc at 120° C. into water, chlorine, oxygen, 
and magnesium oxide. 

It is prepared by passing chlorine into a hot suspension ot mag- 


* J^oteur, Commit, rmd,, 1891, 113, 540. 

3 Otto and Drewes, Arch. Phrmn., J89J, 229, 585. 

“ Saunders, Anier. Chem. J., 1892, 14, 150. 

^ Lerch, J. prakt. Chem., 1883, [2], 28, 338. 

Mylius and Funk, Her., 1897, 30, [2J, 1710. 

® Menscliutkin, Zeitach. atwrg. Chem., 1907^ 52, 152. 

’ Panfilow, J. Russ. Phys. Chem. 80c., 1894, 26, 231. 

® Duboin, Compt. rend., UlOO, 142, 1338. 

Beketoff, Chem. Zenir., J892, l, 11. 
de Schulten, Bull. 80c. cMm., 1900, L3], 23, 158. 

Lineau, Pogg. A’mmlen, 1800, ill, 240. 

Balard, A^in. Chim. Phys., 1^34, 57, 225. 

Grouvelle, ibid., 1821, 17, 37; Lunge and Laiidolt, Dingl, poly J., 1880 

259, 47. 

Bolley and Jokiiscli, Bull. 80c. chim., 1800, [2J, 7, 524. 

Sarghel, Zeitsch, JSlektrochem., 1899, 6, 149, 173. 
w White, J, Soc, Chem, Pnd,, 1903, 22, 132. 
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nesiuni hydroxide in water, or by dccoinposino; barium chlorate witli 
magnesium sulphate.^’ ^ 

According to Meusser, tlie hexahydrate loses 2 molecules of water at 
35"" C. and other 2 at C. The tetrahydrate crystallises in hygro- 
scopic rliornbohedra and the dihydratc decomposes at SO*" C.^ 

Magnesium Bromate, Mg(Br 03 ) 2 . 6 H 20 , occurs in colourless, 
einorescent, regular octahedra. It dissolves in 1-4 ])arts of water, 
melts in its own water, and is dehydrated by heating to 200'^ C. Above 
that temperature it decomposes into magnesium oxide, bromine, and 
oxygen. Jt is j)repared by dissohdng rnagiu'sium oxide or carbonate? 
in bromic acid, or by heating magnesium fluosili(!ate with potassium 
bromate.'^’ ''" It is also produced, along with hypobromite, during the 
ele(?trolysis ol* ])otassium bromide solution. 

Magnesium lodate, Mg(I0;,)2.4H20, is more stable than the 
chlorate or bromat(\ The monoclinic crystals lose three molecules of 
water at 150 C. and the Iburth at 210'’ C. At higher temperatures the 
anhydrous salt decomposes. Jt is ])rcpared by the double decomposi- 
tion of magnesium nitrate and an alkaline iodatc, or by dissolving mag- 
nesia in iodic acid. It dissolves in 9*4 parts of water at 15° C. and in 
314 ])arts at 100° 

A supersaturated solution of magnesium iodate, cooled to 0° C. 
and stirred, deposits rhombic ]>lates of the dodecahydrate which melts 
at 50° C. and ])asses into the tetrahydrate.- 

Magnesium Perchlorate, Mg(C 104 ) 2 , occurs in dcli<piesceut 
needles which were said to b(? \’ery soluble in either water or alcohol. 
It is ])repared by dissolving magnc'sia in af}ueous perchloric* acid,*^ and 
has b(‘en described as a hexa-acpio-salt with the formula [Mg(H 20 )(j| 

The Ju\ra hydrate has been obtained by drying over the anhydrous 
j)crchlorate. It melts between 145" C. and 147° U., and the crystallised 
salt does not delicpiesce though the fused material docs.^” It bceonu's 
the trihydrate when kept ox er })hosphorus pentoxide at 20°-25° U., and 
anhydrous when heated in dry air up to 250° C'. The anhydrous salt 
hisses in water, and compares favourably with phosphorus })eiitoxide as 
a drying agent. The trihydrate is less ellicient than the anhydrous at 
temj)eraturcs above 0° C, The densities of the three* salts, at 25 /4° C. 
and corrected to a vacuum, are respectively 1-970, 2-044, and 2-GO.^^ 

Magnesium Periodates. Langlois obtaiiuid small prismatic 
crystals of magnesium dimesoperiodate, Mg 2 l 209 , with 12 molecules of 
water, by dissolving magnesium carbonate in })eriodie acid. A residue 
of the trihydrate remained after iieating the crystals to 100° C, 


’ Waohter, J. prakt. Chem., 1843, 30 , 325. 

“ Mylius and Funk, Be/-., 1897, 30 , [2j, 1710. 

® Mousser, ibid., 1902, 35 , [ 2 J, 1414. 

Rammclsberg, Pogg. Annahn, 1841, 52 , 89. 

^ Lowig, Arclu Pharm., 1830, 33 , 0 . 

Sarghel, Zeitsch, Elektrochem., 1899, 6 , 149, 173. ^ 

’ Millon, Ann. Chim. Phy^i., 1843, [3], 9 , 422 ; Marignae, Jakre^ber., 1857, 160 ; Ditto, 
Micherches sur I'acide lodigue, 1870, 09. 

86 rullaK, A7in. Chim. Phys., 1830, 45 , 270. 

® Weinland and Ensgraber, ZeiUch. mwrg. Chmn., 1913, 84 , 308. 

See S 6 rullas, Amt, Chwi. Phya., 1831, [2], 46 , 304. 

Willard and Smith, J. Amer, Chem. JSoc., 1922, 44 , 2255. 

Langlois, Ann, Chim. Phy8., 1852, [3], 34 , 257. 
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Rammelsberg obtained the nietaperiodate, Mg(I 04 ) 2 . 1 ()H 20 , from the 
motherdiquor.^ 

Rammelsberf? also deseribed some other periodates. ^ 

MAGNESIUM AND MANGANESE. 

Magnesium Permanganate. — Michael and (hirner describe 
M^r(Mn 04)2 as a crystalline salt with a bluish-^rey metallic lustre whi(‘h 
desiccation in vacuo at 100° C. alters to a purple tint. Mitscheiiieli and 
Asc^hoff oriffinally described it as a dcli(pu;seeut substance with 0 mole- 
cules of water of crystallisation. Mits(;hcrlieh’s orit^inal method of 
preparation, reaction betweeai solutions of barium permanganate and 
magnesium sul])hate, is still the best. 

In aqueous solution magnesium permanganate is rapidly decom- 
posed at water-bath heat, giving off oxygen and ozone. It is ap- 
parently liable to explode in the solid condition. 

Magnesium permanganate is a v^ery vigorous oxidising agent. This 
vigour may be ])artly connected with the tendency of magnesium salts 
to hydrolyse to magnesium hydroxide.^ Since strong alkali is produced 
when potassium ])crmanganate oxidises substances in aqueous solution, 
magnesium j^ermanganate is often a ])referabl(‘ oxidising agent, apart 
from its vigour, because it only inv^olves the formation of the relatively 
inert magnesium hydroxide. 

A solution of the salt in glacial acetic acid is an extremely powerful 
oxidising agent ; in pyridine its oxidising powers are much Jess.'‘ 

MAGNESIUM AND OXYGEN. 

Magnesium Suboxide. — During the electrolysis of magnesium 
and potassium chlorides in a graphite crucible, Frary and Rerman 
obtained a dark substance which oxidised rapidly and evolved hydrogen 
from water.*'^ Beetz had noted a similar compound on the positive pole 
when sodium c*hloride solution was electrolysed between magnesium 
electrodes,^ and Gore had observed a black deposit when mag- 
nesium was in contact with palladium, water, and carbon tetra- 
chloride vapour, and under other conditions. The powder went white 
on heating, dissolved in dilute acids, and probably dissolved in alkaline 
sulphides.’^ 

Baborovsky concluded that tlui electrolytically produced “ sub- 
oxide ” was a mixture of hydroxide and linely divided metal.** 

Magnesium Oxide. — The mineral periclase, MgO, crystallises in 
transparent regular octahedra which have a density of 8- 7-3* 9 and a 
hardness of 5*5-6. When the amorphous variety of the oxide is volatil- 
ised in an electric furnace it deposits in the crystalline form.® Amor- 

^ Rammelsberg, Poyg. Annahn^ 1841, 52 , 8 D ; 1844, 55 , 239. 

2 Rammelsberg, ibid.y 1868, 134 , 499, 503, 510. 

® Hauser {Ghem. Zeit,, 1913, 37 , 58) found that magnesium ions accelerate some 
oxidations by potassium permanganate. 

* Michael and Garner, Amer. Chem, J., 1906, 35 , 267. 

•’ Frary and Berman, Trans. Amer. ElGctrochtm. Soc., 1915, 27 , 209. 

« Beetz, Phil Mag., 1866, [4], 32 , 269. 

’ Gore, Chem. News, 1884, 50 , 157. 

** Baborovsky, Ber., 1903, 36 , 2719 ; Zeitsch Elektrochem., 1905, ii, 465. 

* Heusler, Zeitsch. anorg, Chem., 1896, il, 293. 
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plious magnesia remains as a residue wlien magnesium salts ol’ oxy acids 
are heated in air or when magnesium burns in air or oxygen. ^ 

Amorphous magnesium oxide has been most commonly }n*e})ared by 
gentle prolonged heating of the carbonate or hydroxide*, and the natural 
carbonate luis long been used for this purpose.'-^ The denser the original 
carbonate and the higher the temperature of production, the denser the 
resulting oxide. 

Since waste magnesium chloride liquors remain after tlie preparation 
of potassium chloride from carnallite, magnesium chloride has ol’ten 
been used as a starting-point for preparing magnesium oxide. Mag- 
nesium chloride has been (a) heated with steam, ^ ^ (/j) converted into 
hydroxide by lime,^’^" (e) converted into oxychloride by heating with 
magnesite and decomposed by water into liydroxide and chloride, (d) 
precipitated as hydroxide by calcium oxycdiloride solution,’ (e) treated 
with calcined dolomite.^’ ^ 

Magnesium sulphate has also betai trcat(‘d with calcined dolomite.^ 

Ordinary magnesium oxide is a white, tasteless, odourless ])Owder. 
Its density is 319;32 after being heated to JISO'' and 3 06 1 after fusion 
in an electric furnace. Retween these temperatures its density ris(‘s as 
it is heated more strongly. Ordinary commercial magiu^sia is a line, 
very bulky powder, of density 3 07-3*2. The* volume oeeuj)ied by a 
given weight may vary Irom 1 to 3*5, aeeimling to tlie earbonaU* from 
which it is ])r(‘pared, and it is commonly classed as hca\’y and 
“ light.” ''Heavy” carbonates re<|uire a higher temperature than 
“ light ” to decom])()se them, and the resulting oxide* is denser. 

Moist magnesium oxide is alkaline to litmus. The higher the 
temperature to wliieh it has been raised the more slowly it dissolve's 
in water, and the rate oj‘ solutioji also varies with tlie source : oxide 
})repared from magnesite* at a white he*at appears te) be practically 
insoluble. 

Polymerisation probably ace,*ounts for the^ increaseiel density of 
magnesium oxide with ine*rcase^d te'mj)erature, and for its correspondingly 
increased resistance to the action ol* water. 

The inlluence of preliminary treatjnent on the solution of magnesium 
oxide probably explains the variation fre)in 500 mgm. to 5 mgm. per 
litre obtaineel by different observers for its solubility. Magnesia 
absorbs water and carbon dioxide in contact with air, and is soluble in 
acids. 

The oxide obtained by gently heating the jiative car})<)nate " sets ” 
to a firm mass with a little water, and the oxide from the Jiitratc pre- 

‘ Winkler, Ber., 1890, 23 , 120 ; Matignoii and Las«ieur, CompL rmd., 1912, 154 , 63. 

2 Blanche, Bull. Pharm., 1810, 2 , 71. 

Chefu. News, 1881, 44 , 76. ^ 8 ee Magnesium Chloride. 

® ISchloesing, Compi. rend., 1881, 93 , 156, 215. 

® German Patent, 19259 (September 1881). 

’ Gorman Patent, 20277 (Pebruaiy 1882). 

» Clossen, Jahresber., 1881, 1262. » Schcibler, German Patent, 16575 (1881). 

Bitte, Compt. rend., 1861, 53 , 111 . Moissan, ibid., 1894, 118 , 506. 

British Phartnaoupmia. Andei*son, JWans. Vhern. Soc., 1905, 87 * 257. 

Campbell, J. Ind. Eng. Chem., 1918, 10 , 595. 

A® Moissan, Gornpt. rend., 1894, 118 , 506. 

Fyfe, Edinburgh Phil. J., 1821, 5 , 305 ; Fresenius, AnnaUn, 1846, 59 , 123 ; Bineau, 
Compt. rend., 1855, 41 , 570; Kohlrauscli and Rose, Zeitsch. physikal. Chem., 1893, 12 , 
241 ; Bupro and Biaias, Zeitsch. angew. Chem., 1903, 16 , 54 . 

See also Magnesium Hydrogen Sulphates. 
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])ared by treating artilieial carbonates with nitric acid beliaves similarly. 
TJic ]>roduct of the ignition of artilieial carbonates does not “ set.'’ ^ 

It melts at about 2250'^ C. and then vaporises freely ; its boiling- 
point is near its melting-])oint. Carbon seems to reduce it at temp(*ra- 
tures as low as 1700^ C. In the electric furnace the reaction 

CO I Mg-C + MgO 

must be preventcal, either by removing the carbon monoxide or alloying 
the magnesium with (‘()[>|)er, to obtain the metal. ^ Otherwise deposits 
of magnesia are obtained.^ 

Crystalline magnesium oxide sublimes when the aniorj)hous oxide is 
heated either in an electric Jurnace ^ or strongly Avith liydrochloric 
aeid.^ It also crystallises out of a fusion of potassium and magnesium 
hydroxides,^ and D(‘bray obtained it by heating magnesium sulphate 
strongly with an alkali sulphate.’^ Artificially pre|)ared crystalline 
magiK'sium oxide is usually octahedral and corresj)onds to natural 
pcrielase, though Iloudard, by heating the amorphous variety with 
juagnesium sulpliide, obtained cubical crystals with a density of 
;3-5G{)2 3-5705. » 

(rystalline magiu‘sium oxide dissolves slowly in warm hydrochloric 
or nitric acid, ra})idly in sulj)hurie acid, and is scarcely attacked by 
water. 

Thomsen's value of 1 13- 1 Cal. for th(‘ heat of ibrmation of mag- 
nesium oxid(‘ is probably too low.^“ Its juolecular heat at 27S0 ' C'. is 
about 11-0 Cal.^^ 

Magn(‘siuni oxidci emits a bright white light at a red heat, and has 
been used instead of lime in the oxyhydrogen lantern. Since it is very 
refractory it is used for making crucibles, firebricks, furjiace linings, (tc. 
It conducts heat rather well, but it can easily be moulded and (ired 
without any addition of other substance's. In medicine it is used as a 
jmrgative, and as an antidote to poisoning by arsenious acid, copp(‘r 
sulphate, and acids. Magnesia is also an important constituent ot‘ 
cements and hydraulic mortars. It has a brilliant red fluorescence when 
mixed Avith a little chromic oxide, and phosphoresces uudtT certain 
conditions. 

Magnesium Hydroxide, MglOH)^, occurs naturally as hrucite in 
colourless rhoiiibohcdra, similarly to calcite, though it sometimes has 
a bluish or grecaiish colour. A residue of 2Mg().3H20, resembling 
brucite, is obtained by prolonged tn^atment of the comj)act j)roducts 
of the action of magnesium chloride on magnesia with hot water. 

* Anderson, Tram. Vhem. JSoc,, 1905, 87 , 257. 

* 81adc, ibid.f 1908, 93 , 327. 

^ Lebeau, Com.pt. rmd., 1907, 144 , 799. 

* Heusler, Zoituch. aiiorg. Vhem.f 1890, ii, 293. 

Deville, Compi. rend.^ 1801, 53 , 199, 1207; -Otto and Kloos, Ber.y 1891, 24 , 1480 ; 
Meunier, Bull. Soc. chim.y 1919, [ivj, 25 , 560. 

® de Schulten, Bull. Soc. Min., 1898, 21 , 87. 

’ Debray, Compt. rend., 1861, 52 , 985. 

® Houdard, ibid., 1907, 144 , 1349. 

® Houdanl, ibid. See also Magnesium Hydrogen Sulphates. 

Moissan, ihuL, 1899, 128 , 384. 

o VVartenberg and Witzel, Zeitsch. Mlektrocheni., 1919, 25 , 209. 

de Boisbaudran, Compt. rend., 1887, 104 , 330. 

Crookes, Proc. Boy. Soc., 1887, 42 , 111. 

Bender, Annalen, 1871, 159 , 341. 
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Flattened, hcxa^^orial, prismatic crystals of Mg(OH )2 have been obtained 
by heating magnesium chloride with a large excess of potassium 
hydroxide in the presence of water to 210°-22()® C., cooling and extract- 
ing the alkali. Their density is 2*36 at 15° C., and they dissolve easily 
in acids or in warm concentrated ammonium chloride solution.^ 

Mg(IIO )2 precipitates when sodium or potassium hydroxide is added 
to a solution of a magnesium salt,^ or when alkali salts are electrolysed 
w^ith a platinum cathode and a magnesium aiiodc'.® After washing and 
drying at 100° C. it is a white tasteless powder. One litre of water 
dissolves 9 mgrn. at 18° 

Ammonium salts prevent the preci})itation of magnesium hydroxide 
by ammonia by diminishing the dissociation of the ammonium 
hydroxide.^ The decreased concentration of hydroxyl ions decreases 
the formation of magnesium hydroxide below the preci])itation point.^ 
Ammonium sul})hate is more effective than ammonium chloride in j^re- 
yenting precipitation — though it is less completely dissociated. Accord- 
ing to the e<]|uation 

2MgSO,^^Mg- + [Mg(S(), )2 1", 

magnesium sul])hatc gives fewer magnesium ions than tlie chloride. 
The presence of ammonium sulphate still further dc^presses the dis- 
sociation, and the formation of magnesium hydroxide is thus further 
kept below the precipitation point.’ 

The moist hydroxide has an alkaline reactioji, dissolves in acads, 
including carbonic aeid,^ and decomposes into water and oxide at a dull 
red heat. 

Magnesium Peroxide.- -Hydrogen })eroxide precipitates from 
ammoniacal solutions of magnesium salts a substance with ))(*roxide 
pro})erties.® The dried product from the action of sodium hydroxide 
on magnesium sulphate in the presence ol‘ hydrogen ])eroxide corre- 
sj[)onds roughly with MgOg.ilMgO. Aq. More highly peroxidised products 
result when magnesium chloride solution is electrolysed in the })resenee 
of hydrogen peroxide. The electrolytic cell is divided into two parts 
by a porous diaphragm, and the cathodic comjnirtment contains the 
hydrogen peroxide. The anodes arc platinum or carbon, and the 
cathodes platinum or tin. The reaction is represented by the equation 

Mg+02+2ll20^Mg(0H),.i^ 

A substance containing 42 per cent, magnesium peroxide is obtained by 
tr(^ating ignited magnesia with pure hydrogen peroxide. 

Commercial magnesium peroxide is a white amorphous ])owder 
which is apparently a compound consisting of magnesium peroxide, 

1 de Schulten, Compi, rend.j 1886, loi, 72. 

* Patten, J. Amer. Chem. Soc., 1W3, 25, 186. 

® Glaser, Zeitsch, anorg. Chem,, 1898, 4, 427. 

* Kohlrausoh and Rose, Ann. Phys, Chem., 1894, [2J, 50, 127. 

® Loven, Zeitsch. anorg. Chern.t 1896, ii, 404. 

« Treadwell, ibid., 1903, 37, 326; Herz and Muhs, ibid., 1904, 38, 138. 

’ Brunner, Helv. Chini. Acta, 1919, 2, 277. 

® Monhaupt, Chem. Zeit., 1904, 28, 868. 

® Hatis, Ber., 1884, 17, 2249; Gibson and Morrison, Proc. Hoy. Soc. Edin., 1885, 

119, 146. 

Ruff and Gcisel, Ber., 1904, 37, 3683. 

Hinz, German Patent, 151129 (1904). 

Merck, German Patent, 171372 (1906). 
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niagnesiuin hydroxide, and constitutional water. The ordinary product 
contains 8 per cent, available oxygen, and has a density of 0*615. One 
part dissolves in 14,550 parts of water at 20° C. It is stable in dry air, 
even up to 160° C., but is sensitive to the carbon dioxide in moist air.^ 
Compounds with the general formula iiMg0.//Mg02.-ll20 result 
when ethereal solutions of nearly anhydrous hydrogen peroxide act on 
magnesium oxide. They arc light white powders which decomposer 
violently when heated, and arc decx>m])osed by water. The compound 
2 MgO. 2 MgO 2 . 3 H 2 O, which is stable at 30° C., passes, by gradual heating, 
into 3 MgO. 2 MgO 2 . 3 H 2 O at 50° C. and into 4 MgO. 2 MgO 2 . 3 H 2 O at 70° C.**^ 
KCl.MgO(OH )2 results from the action of an ethereal solution of 
hydrogen peroxide on MgO and KCl, and MgCl2.2Mg02.A(p when the 
]:)otassium chloride is replaced by magnesium chloride. ^ 

Many methods for })reparing magnesium })eroxide ha\e been 
])atcnted tlu' action of sodium j)eroxide on magnesium salts being 
often applied. It is used as a bleacliing or sterilising agent, and, 
medicinally, as a wash for wounds.® 

Weltzien^ obtained an alkaline solution by acting on magnesium 
with hydrogen peroxide. A white mass, soluble in water, remained 
after evaporation. He attributed the formula MgCgllg to it, but 
Prud’homme, who found that it lost oxygen at about 300° C., formulated 
it as 3Mg(OH)2 i MgO(OH) 2 .*» 

MAGNESIUM AND SULPllUK. 

Magnesium Sulphide. — Crude MgS has been ])re[)ared by the 
action of hydrogen sul])hide on magnesium nitride^ or heated mag- 
nesium,^ or heated magnesium filings and sulphur.® Keichcl heated 
magnesium in sulphur vapour.® The crude ])roduct obtained by heat- 
ing magnesium in a current of hydrogen and then in hydrogtai and 
sulphur vapour can be ])urificd by heating it in a highly evacuated 
quartz tube to 600°“700° C. for two hours (the excess of metal is thus 
volatilised), or by dissolving out the excess of magnesium in ethyl 
iodide, which is mixed with ether and contains a crystal of iodine. The 
j)urified sulphide is then washed with ether and dried in a vacuum 
desiccator placed in a water-bath.^® Pun^ magnesium sulphide has also 
been prepared by igniting the oxide or anhydrous sulj)hate in nitrogen 
containing carbon disulphide vapour." 

Pure magnesium sulphide is a reddish- white amorphous powder. 1 ® 
It is converted into cubical crystals by heating in an ele<!tric lurnacc, 
and the same crystals are obtained by substituting a mixture of mag- 
nesium chloride and stannous sulphide for the magnesium sulphide.® 

^ Foregger and Phillip, J. Soc. Chem. Irid.y 1906, 25, 298. 

- Carranct), Gazzetta, 1909, 39, ii, 47. 

® Blucher, Modern Industrial Chemistry (translated by Millington) (Gresham Publishing 
Co., London), 1914. 

^ Weltzhm, Annahn, 1866, 138, 132. 

■* Prud’hornme, Compt. revd,y 1891, 112, 1374. 

« Briegieb and Gcuther, Annalen, 1862, 123, 228. 

’ Kessler, Ber., 1869, 2, 369. 

” Mourlot, Compt, rend., 1898, 127, 180. 

® Reichel, J. prakt. Chem., 1875, 12, 56. 

Tiede, Ben, 1916, 49, 1745. 

Tiede and Hichter, %bid., 1922, 55, 69. 
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Mg 4 S 5 is said to liave been obtained by lieating magnesia to redness 
iii carbon disulphide vapour. ^ 

The heat of formation of MgS is 79*000 Cal.*^ 

Magn(*sium sulphide is reduced by calcium carbide in an electric 
furnace- magnesium volatilises and calcium sul}>hide remains.^ 

Pure magnesium sulphide becomes phos])horcsecnt by the addition 
of small amounts of manganese, bismuth, or antimony.^ The crystal- 
line form is scarcely attacked by water at ordinary temperatures, and 
steam is needed for the reaction 

MgS+lip^^MgO+ll^S. 

The amorphous ibrm reatits readily with watt*r or moist air - 
2MgS + 2II ,0 - Mg(Sll )2 + Mg(OI 1 )2.5 

Magnesium Hydrogen Sulphide is only known in aqueous solu- 
tion. Since it is strongly hydrolysed the solution readily loses hydrogen 
sulphide*, and, if it is concentrated, produces a steady stream of gas at 
60^ C.« 

Solutions have? been i)re[)arcd by passing hydrogen sulphide through 
magnesium hydroxide sus|)endcd in water,’ or by decom])osing mag- 
nesium sul])hate with barium hydrogen sul])hidc.^ 

A dark yellow }H)lysul})hi(le solution, which is decomposed by heat 
into magnesium hydroxide, hydrogen sul])hide, and sul])hur, results 
when Mg(liS )2 is digested with sulphur, or MgS with sulphur and 
water. A similar solution is obtained by lu*aiing magnesium chloride 
with ])oly sulphides of calcium. 

Magnesium Sulphite. -Crystals oi‘ MgSOy.eligO are obtained by 
the action of sulphurous acid on magnesium, magnesium oxide, or 
magiH‘sium carbonate, or by the double decomposition of magnesium 
sulphate and sodium sulphite. They dissolve in 80 parts of cold water 
and in 120 parts of hot,^^ though the action of hot water a})parently 
produces a basic sait.^^ Basic magnesium sulphite, MgSOa [ 2 Mg(OH) 2 , 
])rcpared by passing sulphur dioxide into water containing magnesia in 
suspension, has been used in sugar rclining.^^ The acid sulphite could 
not be prc})ared in the crystalline forni.^® Evaporation at high tempera- 
ture of the j)ro(luct oi‘ the reaction between sulphurous acid and mag- 
nesium hydroxide is said to yield crystals of MgSOg.SHgO.^’ Rhombic 
crystals of MgSO.j.TlIgO vvc‘re reported, which lost 1 molecule of water 
at 52"CV3 

1 Ereniy, Anu. Chim, Phya., 18o3, [3], 38, 324. 

8abaticr, ihld.t 1881, [5J, 22, 80. 

Geclmuydon, Cotnpt. rend., 1900, 130, 1020. 

Tiede and Richter, Ber., 1922, 55, 09. •'* Muurlot, Compt. raid., 1898, 1 27, 180. 

Livers and Hhimidzu, Trans. Chem. JSoc., 1884, 45, 099. A current of hydrogen 
removes all the hydrogen sulphide and leaves magnesium hydroxide (Bechamp, Ann, 
Chhn. Phys., 1869, [4], 16, 245). 

’ Pelouze, Ann, Chim. Phys., 1800, [4j, 7, 179. 

® Thomsen, Pogg, Annakn, 1870, 140, 520. 

^ Reichcl, J. pralct. Chem., 1875. 12, 55. 

Stingl and Morenski, ibid., 1879, [2J, 20, 81. 

Schweizor, Amer. Chem. J., 1871, i, 296. 

Hager, J. Chem. Soc., 1875, 28, 1239. Rother, ibid., 1875, 28, 423. 

Scubert and Elten, Zeitsch. anorg, Chem., 1893, 4, 44. 

• Bergreen and Licht, Bied. Centr., 1884, 201. 

Davies, Pharrn, J. Tram., 1872, [3], 2, 965. 

Hartog, Compt. rend., 1887, 104, 1793. 
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The hexagonal crystals of the hexahydrate oxidise slowly to sul- 
phate in air, lose their water above 200° C., decompose into oxide and 
sulphur dioxide when heated strongly, and become tlu' monohydraie 
at 100° C.i Sulphur dioxide slowly converts magnesia into the sul- 
phite at about 326° C., which then decomposes at a slightly higlier 
temperature. 2 

The following double sulphites of magnesium and ammonium 
have been prepared : 3MgS03.(NH4).,S0.^.18n20,*'*’^ MgS03.(NIl4).vSO.,. 
12ll20,^iandMgS03.(NH4)2S63.6ll20.’'^ ' , - . 

Double Dithionate of Magnesium, BaS2O6.MgS2O6.4H2O, was 
prepared by precipitating half the barium from barium dithionat(‘ by 
sul)>huric acid and saturating the solution with magnesia. 

Magnesium Sulphate, MgS04, is known anhydrous, and with 
12, 8, 7, G, 5, 4, 2, 5/4, and 1 molecules of water. 

Rhombic prisms of the hepiahydraie se}>arate from solutions con- 
taining magnesium sul})hate at ordinary temperatures.'^ It is the 
prirunpal magnesium salt of commerce*, and is known as Bittcrsalz, from 
its bitter taste, or as Englisches Salz or Ej)som salts, from its occurrence 
in the mineral spring at Epsom. It frequently forms a fibrous efflor- 
escence in dry mines,® occurs in crystals in the Kentucky caves, and is 
being deposited in the Gulf of Kara-Roghaz, in the Eastern Caspian.® 
The naturally occurring solid heptahydrate is known as epsomite, or, 
in the Stassfurt d(iposits, as I'eichardtite.^^ 

It was formerly prepared by crystallisation from natural waters, as 
Grew obtained it, in 1695, from the Epsom mineral spring. Dolomite 
was also frequently decomposed with sulphuric acid : tlK‘ soluble mag- 
nesium sulphate being separated from the s])aringly soluble calcium 
sulphate. Crude kiescrite, MgS04.H.20, was also (*on verted into 
epsomite. It is now commonly pr(*parcd from tlu* mother-liquor 
remaining after the prei)aration of magnesium chloride. Magnesium 
hydroxide is precipitated by adding milk of lime and dissolved in sul- 
])huric acid. The salt can be purified by crystallisation. 

The density of the crystals is 1-676, and they have an appreciable 
vapour pressure.® Pickering says the ])urc crystals are stable in 
air, though they seem to lose water in dry air or over calcium chloride. 

MgS04.7ll20 is soluble in dilute alcohol and insoluble in absolute.^® 
Its solubility in water has been expressed by 0*4781 6t° | 25*76.^^ by 
20-5H 0*2276t° from ()°-123° C., and by 48*5 --()*44()3t° from 123°-- 
190° C. : in jmrts MgS04 per 100 parts water. 

' Archbold, Jahresber., 1872, 240. ® Birnbaiiin and Witticb, Ber.^ 1880, 13 , 051. 

® Rother, J. Ghem. Soc., 1875, 28 , 423. * Hartog, loc cit. 

® Ladenberg, Pogg. Annalen, 1826, 7 , 14. ® Schiff, Annahn, 1858, 105 , 230. 

^ Thorpe and Watts, Trans, Ghem. Soc., 1880, 37 , 102 . 

® Frowein, Zeitsch. physikal. Ghem., 1887, i, 5. 

® Nature, 1904, 69 , 281. Krau.se, Arch. Pharm,., 1875, [3]. vi, 41. 

Pickering, Trans. Ghem. Soc., 1885, 47 , 100; 1880, 49 , 260. 

Johnson, Gentr. Min., 1915, 289. Schiff, Annahn^ 1861, 118 , 362. 

Gay-Lussac, Ann. Ghim. Phys., 1819, ii, 296. 

] 6 tard, Compt. rend., 1888, 106 , 740. See also Tobler, Annalen, 1855, 95 , 193. The 
following determinations have been made on solutions of magnesium sulphate : Densi- 

ties : Schiff, Annalen, 1858, lo 8 , 336; 1860, 113 , 183; Oudemans, Zeitsch. anal. Ghe?n., 
1868, 7 , 419 ; Gerlach, Zeitsch. anal. Ghem., 1869, 8 , 287 ; Koblrausch and Hallwachs, 
Ann. Phys. Ghem., 1894, [2], 53 , 14 ; Barnes and Scott, J. Physical Ghem., 1898, 2 , 536. 
Freezing-points ; Guthrie, Phil. Mag., 1876, [5], i, 365. Conductivities : Kohlrausch, 
Holbom, and Diesselhorst, Ann. Phys. Ghem., 1898, [2], 64 , 417. Refraction : Glad- 
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A labile variety of the heptahydrate sometimes crystallises from 
cold supersaturated solutions in monoclinic tablets that are more 
soluble than the ordinary salt.^ This j8-salt is isomorphous with 
FeS 04 . 7 H 20 , and sometimes forms when crystals of the hexahydrate 
are in contact with their mother-liquor at C.^ 

At 100'' C. MgS04.71l20 becomes the diliydrate, at ISO'' -140'' C. the 
monohydratc, and anhydrous at 280'’ C.^ When strongly i^mited it 
obstinately retains traces of sulphuric acid.^ Its heat of solution is 
-3*863 Cals.^ 

The dodecahydrate separates in lar^e crystals from concentrated solu- 
tions of the sulphate when cooled below 0° C. : it is stable only between 
its cryohydric f)oint — 3*9° C., and 1*8° C. when it decomposes into the 
heptahydrate.*' 

The octahydrate separates at 25° C. from solutions of maiifnesiuni 
sul])hate containing some sodium sulphate. At 30° C., if the ])ropor- 
tion of sodium sulphate is increased to about 32 molecules p(‘r cent., 
the octahydrate transforms into the heptahydrate. Air drying results 
in the same ehan^e.’^ 

The hexahydrate occurs dimorphically as tetragonal crystals that 
change readily into monoclinic prisms. The former, or a-variety, was 
obtained by inoculating a concentrated solution of the sulphates with 
a small tetragonal crystal of copper and zinc sulphates.® The latter, or 
jS- variety, crystallises from warm solutions of magnesium sulphate. It 
is more soluble than the heptahydrate. ^ It has been obtained by 
crystallisation above 40° C.,® and even at temperatures as low as 
25° C.,^ though the transition temperature from hepta- to hexa-hydrate 
is 48-2° C.® The presence of sodium chloride lowers this temperature.^*^ 
Its density is 1*751.® 

The he])tahydrate when kept over sulphuric acid in air ])asses into 
the peidahydrate, which has a density of 1*869.® The pentahydrate, 
however, is ap])arently unstable, like the tetrahydrate. The hepta- 
hydrate passes into the former at 77*5° C. and into the latter at a 
similar temperature. These two salts begin to transform into the 
monohydrate at 67°“-68° C.® 

The dihydrate has a density of 2*373 when })re|)ared by boiling the 
heptahydrate with absolute alcohol. It also results from heating the 
heptahydrate to 100° It separates in bundles of slender needles 

stone and Hibbert, Tram. Chem. Soc., 1897, 71 , 822. Transport Numbers : Huy- 
brechts, Ann. Chim. Pfiys., 1907, [ 8 ], ii, 68 . Transference Ratios : Bein, Zeitsch. 
physikal. Chem., 1898, 27 , 1. Thermal Expansion: Lannoy, Zeitsch. physiJcal. Cheni., 
1895, 18 , 442. Thermal Effects of Dilution: Pollok, Proc. Chem. Soc., 1899, 15 , 8 , 
The vapour tension of a saturated solution at 20 ° C. is 14-5 mm. nmreury (Loscceur, 
Ann. Ghim. Phys.y 1896, [7], 7 , 416). 
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2 Pickering, Trans. Chem. Soc., 1885, 47 , 100. 
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when magnesium sulphate solution containing magnesium chloride is 
concentrated at 65° C. These soon alter to transparent crystalline 
masses of MgS 04.5/41120.^ 

From solutions containing different proportions of magnesium sul- 
phate and chloride at 25° C. the series of hydrates from the hepta to 
the tetra separate. ^ 

The heptahydrate decomposes into the rnonohydrate at 130°-14()° C. 
Its density is 2-478. Bischof assigned a density of 2-517 to the naturally 
occurring kieserlte,^ Kieserite occurs, as an essential constituent of 
Abraumsalz, in the upper layers of the Stassfurt deposits, most fre- 
quently in white granular masses and less frequently in monoclinic 
crystals. It is only slightly soluble in water, which, however, slowly 
converts it into the heptahydrate. The ])artially liydratcd substance 
is hard like stone — ‘‘ kieseritsteinc.” Boiling water more ra])idly com- 
pletes the hydration, and the heptahydrate can then be crystallised 
from the solution. Kieserite is formed when a concentrated solution 
of magnesium sulphate is poured into a hot, saturated solution of mag- 
nesium chloride.® The monohydrate will only separate from solutions 
of magnesium sulphate above 67° C., but in presence of other substances 
it may separate at 25° C.® 

Kieserite is separated from the more soluble portion of the Abraum- 
salz by water, and sent into (tommcrcc as block kieserite that has been 
partially convert(‘d into the heptahydrate.'^ 

The heat ol* solution of MgSO^.H^O has been given as 13-300 C'al. and 
as 12-131 Cal.» 

Anhydrom magnesium sulphate prepared by heating the hepta- 
hydrate to 200° C. has a density of 2-709, though a value as low as 
2-628 has been found.® It melts at 1124° C. but decomposes consider- 
ably below that temperature,® and retains traces of sulphuric acid after 
strong ignition.^® Its heat of solution is 20*425 Cal.,^^ its heat of 
formation is 302-300 Cal., and it is nearly insoluble in concentrated 
hydrochloric acid.^® 

It cakes in water, but dissolves rapidly when pounded up in it.® 

The residue contains MgS and MgO when carbon reduces magnesium 
sulphate at lower temperatures ; at higher temperatures and with less 
carbon the products are oxide, sulphur dioxide, and sulphur. Above 
700° C. hydrogen sul})hidc reduces it to oxide, and carbon monoxide to 
oxide, sulphur dioxide, and sulphur, i® 

1 van ’t Hoff and Dawson, Ghtm. Zevir., 1899, i, 1137. 

2 van ’t Hoff and Escheicher, Jahresher., 1898, i, 204. 

3 Thorpe and Watts, loc. cit. 

* Griineberg, Bull. 8oc. chim., 1869, [2], ii, 424. 

® Precht and Wittjen, Ber,, 1881, 14 , 2131. 

® van ’t Hoff and Meyerhoffer, J. Chem. Soc.f 1903, 84 , Abs. ii, 665, 

’ Griineberg, Her., 1872, 5 , 840. 

® Pickering, Trans. Chem. Soc., 1886, 47 , 100. 

® Nacken, Chem. Zentr., 1908, i, 1860 ; Gay-Jjussac {Ann. Chim. Phys., 1820, [ 2 ], 13 , 
310) noted that it lost sulphur trioxide on heating, and Boussingault {Ann. Chim. Phys., 
1867, [4], 12 , 421), that a red heat fused it and left magnesia. 

Bailey, Tram. Chem. /Soc., 1887, 51 , 676. 

“ Pickering, ihid.^ 1886, 49 , 260. Heusgen, Her., 1877, 10 , 259. 

Zawadzld, Kossak, and Narbut, Chem. Zentr., 1922, 93 , iii, 32. According to 
Jacquemain {Jahreeher., 1858, 86 ), Mg 8 is produced by the action of carbon monoxide at 
a red heat. Bechamp {Ann. Chim. Phys.^ 1869, [4], 16 , 245) noted that in the decomposi- 
tion of magnesium sulphate by carbon the proportion of sulphide to oxide was small. 
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Magnesium Hydrogen Sulphates. -Magnesia dissolves more 
readily in sulphuric acid of density 1-7 than in more concentrated 
acid, liy cooling the fornuT solution or evaporating it at boiling- 
})oint, prismatic; crystals of Mg(IIS()4)2 separate. MgS04.*‘5ll2S04 
crystallises in small shining tables from tlie latter solution on cooling. 
These latter crystals, on lieating, melt with decomposition.^ Prismatic 
doubly refracting crystals of KIIMg(S04)2.2H20 art; obtained by 
treating a solution of leonite, K2S04.MgS()4.4H20, with 85 per cent, 
nitric acid. Water converts tlicm into schonite, K2S0^.MgS04.Gn20.^ 

Sodium Magnesium Sulphates. - Na2S04.3MgS04, melting with 
decomposition at 814 " C'., 3Na2S04.MgS64, corresponding to vanf- 
hoffiic, and Na2S04.MgS04, existing in three modifications and corrt*- 
s])onding to anhydrous blddiie, are indicated on the freezing-point 
curve. ^ 

BUklite is formed at 22 " C. according to the equation 

MgSO4.7H2OfNa2SO4.I0ll2O.-^Na2SO4.MgSO4.4ll2O + 131120 . 

The double salt crystallises from the mixed solution between 25 " C. 
and 71 " C., and below 22 " C. a mixture of l^ipsom and Glauber’s salts 
crystallises.'^ Blddite is identical with swiomte from Hallstadt/’ and 
has been called astrakanite from its occurrence in th(‘ salt lakes of the 
Astrakan Steppe.^’ ® It is associated with carnallite and kainite in 
the Stassfurt deposits. Monoclinic crystals of blodite occur at Monti' 
Sambueo in Sicily,® and isolated crystals, wi'ighing u]) to (552 grin., 
have been found in the crust on Soda Lake, California.® 

Blodite transforms into loexinte at 71 " C.,^® and at 59 " C. in the 
presence of sodium chloride or of magnesium sulphate.^ ^ Loewite has 
the formula 2Na2S04.2MgSO4.5ll2O, and occurs naturally in the 
Magdeburg- Ilallerstadt salt district.^® 

The double salt Na2S04.2MgS04, analogous to langlx'inite, apparently 
cannot exist, at any rate below 90 " Vantlioffite, 3Na2S04.MgS04, 

occurs naturally in the same district as loewite, and has been prepared 
by the transformation of blodite at higher tern ])erai,u res than its 
transition-point into loewite. ^ Natural vanthoirite has the same 
D 25 .^_ 2*6955 as the artificial,^ and shows an alteration in refraction at 
489 ° C.^ 

Prismatic crystals of Na2S04.MgS04.8ll20 have been rejK)rted as a 
saline efflorescence in Toledo. 

1 Schultz, Pogg. Annalen, 1868, 133 , 137. 

2 Meyerhoffer and Cottrell, anorg, Chem., 1901, 27 , 442. 

3 Ginsberg, ibid.^ 1909, 61 , 122. 

* Nacken, Chem, Zentr.^ 1908, i, 1850. 

^ van’t Hoff and Deventer, Zeitsch, physikal. Chem., 1887, i, 165; Roozeboom, 
Zeitsch. physikal. Chem., 1888, 2 , 513. According to Takcganii {Mem. Coll. Sci. Kyoto, 
1921, 5 , 191), MgS 04 . 8 Hjj() separates at 26° C., and blodite when the proportion of sodium 
sulpliate is increased. At 30° C. the heptahydrate forms if the proportion of sodium 
sulphate is increased to about 32 molecules per cent. 

® Geinitz and Zincken, J. Chem. Soc., 1872, 25 , Abs. 125. 

’ Koechlin, ibid., 1901, 80 , Abs. ii, 64. 

® Millosevich, Atti R. Acead. lAvcei, 1920, [v], 29 , i, 344, 

® Schaller, J. Washington Acad. JSci., 1913, 3 , 76. 
van ’t Hoff and O'Farelly, Sitznngsber. K. Akad>. Wiss. Berlin, HK) 2 , 370. 
van *t Hoff and Meyerhoffer, J. Chem. Soc., 1903, 84 , Abs. ii, 555. 

Denison, Trans. Faraday Soc., 1905, i, 136. 

Kubierschky and van ’t Hoff, Sitzungsber. Akad. Wiss. Berlin, 1902, 404. 

Munos Y Luna, Jahresber,, IH54, 893. 
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Blddite crystallises in the monoclinic system with a hardness of 2-5 
and a density of 2-2-2*3 ; ^ loewiU crystallises in tlie tetragonal system 
with a density of 2-376 and a hardness of 2-5 -3.^ 

Potassium Magnesium Sulphates.- Schonite, or picromerite, 
K 2 SO 4 .MprSO 4 . 6 n 2 O, occurs in the Stassfiirt deposits, and crystallises in 
transparent monoclinic prisms from a solution of the mixed salts in 
equimolecular proportions at ordinary teni])eratures.® Their density at 
20'7^^ is 2-0277.^ Since schouitc is ])roduecd at — 3^ C. according to 
the equation 

K 2 SO 4 + M^rS 04 . 7 H 20 :^K 2 S 04 .M^rS 04 . 6 ir 20 -f H.O, > 

and since MpfS 04 . 12 H 20 is the stable hydrate between 3-9" C. and 
1 - 8 ° C.,® the system should become labile at the latter tem[)erature. 

One hundred parts of water dissolve 25 [)arts at 25° C. and 59-8 
parts at 75° C.*^ 

Schonite passes into Jeonite, K 2 S 04 .MprS 04 . 4 ll 20 , at 47-5° C.,® and 
at lower temperatures in the presence of sodium chloride.’* Nitric acid 
effects the reverse chanpre.^’* It crystallises in tables, and lias been pre- 
pared by evaporating a solution of schonite an<l sodium chloride at 
60° Leonite occurs naturally at Leojioldshall, near Stassfurt, in 

thick, tabular crystals which usually have a yellowish tinge and are 
soluble in water. 

Leonite in solution is transformed into langbeinite, K 2 S 04 . 2 MgS 04 , 
at 89° C., and at lower temperatures in tlie presence of other salts.** 
Langbeinite has been prepared by treating sch(*)nite with superheated 
steam, or kainite with water under pressure, or kainite with magnesium 
chloride solution from 120°-! 45° C.,^^ and by melting its component 
salts together.^^ It occurs in the Prussian salt deposits and elsewhere 
in isometric crystals. The mineral has a glassy lustre, a conehoidal 
fracture, a hardness of 3 4, and a density of 2-83. It is hygroscopic 
and slowly decomposed by water. It occurs rarely in cubical crystals,^** 
and the artificial crystals are usually octahedral. It melts at 930° C. 
and shows simple refraction 2-620).^® 

Artificial langbeinite ^ produced by fusing MgS 04 and K 2 SO 4 in molec- 
ular proportions, is converted by exposure to air into schonite and 
epsomite — 

K2S04.2MgS04+13H20-K2S04.MgS04.6ll20+MgS04.7ll20.^7 

[K 2 S 04 .MgS 04 ] + Aq. -:K 2 S 04 .MgS 04 .Aq. + 1 0-60 Cal. 

[K 2 S 04 .MgS 04 . 6 H 20 ]+Aq.-K 2 S 04 .MgS 04 .Aq. -10 024 Cal. 

[K 2 SO 4 .MgSO 4 . 4 H 2 O] + Aq. -K2SO4.MgSO4.Aq. - 5-1 6 Cal.i« 

^ Munos Y Luna, loc. cit. ; Hauer, Jahresber., 186G, 875. * Hauer, loc. cit. 

® Schwarz, Dingl. poly. J., 1870, 198 , 159; Schroder, Her., 1874, 7 , 1117 ; Tutton, 
Trans. Chem. Soc., 189.3, 63 , 337. 

* Tutton, ibid., 1896, 69 , 344. 

® Heide, Zeitsch. physikal. Chem., 1893, 12 , 416. 

® Fritsche, Pogg. Annalen, 1837, 42 , 577. ’ Tobler, Annalen, 1855, 95 , 193. 

® van ’t HofI and Williams, Jahresber., 1898, 205. 

® van ’t Hoff and Meyerhoffer, J. Chem. 80c., 1903, 84 , Abs. ii, 55«1. 

Meyerhoffer and Cottrell, Zeitsch. anorg. Chem., 1901, 27 , 442. 

Heide, Ber., 1893, 26 , 414. Tenne, J. Chem. 80c., 1897, 72 , Abs. ii, 268. 

Precht, Chemische Industrie, 1880, 3 , 418. Mallet, Min. Mag., 1899, 12 , 159. 

Luedecke, Zeitsch. Kryst. Min., 1899, 29 , 255. 

Nacken, Chem. Zentr., 1908, i, 1850. Mallet, Trans. Chem. 80c., 1900, 77 , 216. 

w Thomsen, J. prakt. Chem., 1878, [ 2 ], 18 , 1-63. 
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Rubidium Magnesium Sulphate, Rb2SO4.MgSO4.6H2O, and 
Caesium Magnesium Sulphate, CS2SO4.MgSO4.6H2O, crystallise 
from mixed solutions of their constituent salts in molecular proportions,^ 

Ammonium Magnesium Sulphate, (NH4)2S04.MgS04.6H20, 

occurs as cerholite in tlie fumaroles of Mount Cerboli in Tuscany,^ and 
is a by-})roduet of the Tuscan boric acid industry.^ It is also known 
as boussin^aultite.^ Yellowish -white transparent masses of this salt 
were formed at the Riga gasworks because the lime used for purifying 
contained much magnesia.^ 

It crystallises from the mixed solutions of its constituent salts in 
transparent monoclinic prisms with a density of 1-723 at 20 74 ° C.® 
Its solubility in parts per 100 of solution has been represented by 

10 - 55 + 0 - 2215 t |-0 000668 t 2 

from 0 °- 100 ° C., witliin I ])er cent.,® though there are discrepancies 
among the various determinations.’ No transitioii-])oint was found 
between 0° C. and lOO"" C.® 

The crystals can apparently be dehydrated by heating without 
losing their form.® 

Potassium Calcium Magnesium Sulphates. — Polyhalite, K2SO4. 
2CaSO4.MgSO4.2H2O, is a characteristic member of the Stassfurt 
deposits. By boiling gy})sum with suitably eonecaitrated solutions of 
other two sulphates, the scries of salts rej)rcsented by the general 
formula M2S04.2CaS04.M'S04.2ll20 can be prepared : M' being copper, 
cadmium, nickel, or zinc, and M being potassium or ammonium. Poly- 
halite itself results when gypsum is boiled with a concentrated solution 
of magnesium suli)hate containing about 4 per cent, of ]>otassium sul- 
phate.® Syngenite, K2SO4.CaSO4.lI2O, is converted into j)olyhalite 
by warming at 5G° C. with a solution containing sodium, potassium, 
and magnesium chloride's, and magnesium sulphate, or with crystalline 
magnesium sul])hate and chloride.^® 

Polyhalite crystallises in the monoelinic system, with a density of 
2 * 77 , and hot water dissolves away the sulphates of magnesium and 
potassium from it.^^ 

Krugiie, K2S04.4CaS04.MgS04.2ll20, occurring also at Stassfurt, 
could not be obtained by the interaction of polyhalite and gypsum, 
though crystals, a])parently orthorhombic, were obtained by the pro- 
longed heating of gypsum with a solution containing magnesium chloride 
and potassium sulphate.^® 

Krugite is crystalline, its density is 2 - 801 , hot water acts on 
it to produce gypsum, and cold water leaves the insoluble salt 
K2SO4.CaSO4.H2O.11 


1 Tutton, Tram. Chem. Soc., 1893. 63, 337 ; 1896, 69, 344. 

^ Schmidt, Avnalen, 1856, 98, 273. 

® Porlezza, Atti B. Accad. Lincei, 1914, [v], 23, ii, 609. 

* Bechi, Jahreaber., 1864, 857. 

® Glasenapp, Dingl poly. J., 1878, 227, 192. 

® Tutton, Tram. Chtm. Soc., 1905, 87, 1123. 

’ Tobler, Annakn, 1855, 95, 193 ; Lothian, Pharm. J., 1910, [iv], 30, 546 ; Seidell, 
Pharm. J., 1911, [iv], 33, 846. For conductivities of solutions, see Lindsay, Amer. 
Chem. J.y 1901, 25, 62 ; Jones and Caldwell, ibid., 349. 

® Warington, Proc. Chem. 80 c., 1886, 65. • d’Ans, Ber., 1908, 41, 1777. 

Basch, Sitzungaber. K. Akad. Wiaa. Berlin, 1900, 48, 1084. 

Preoht, Ber., 1881, 14, 2138. Geiger, Chem, Zentr., 1904, i, 604. 
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Double Sulphates of Magnesium. — The following have been 
described: (Mg,Cn)S04.Aq.,^ MgS04.ZnS04.14H20 and MgS04.ZnS04. 

5MgSO4.;3ZnS()4.501l2O, MgS04.TlS04.GH20,3 MgS 04 .lJ 02 S 04 . 
SHgO,^ MgS04.2MnS04.15H20 (mineral faiiserite), MgS04.NiS04.28ri20, 
2K2S04.MgS04.ZnS04.1 2ILO and 2K2S04.MgS04.NiS04.12H20,® MgS04. 
ZnS04.MnS04.21Il20.« 

Kainite occurs in the Stassfurt beds,"^ and at Kalusz in Pia, stern 
Galicia.® Meyerhoffer,^ from its polytherms (equilibrium relationships 
at different temperatures), concluded that its formula is MgS04.KCl. 
3H20,^® not MgSO4.K2SO4.MgCl2.Gl LG, and that its temperatures of 
formation lie l)etween 7 G° C. and 85 " C. In the ])resence of sodium 
chloride it cannot exist above 88" An interaction between carnallite 
and magnesium sulphate may account for its association with carnallite 
at Stassfurt.^® 

It is monoelinic,^^’ but is usually found in massive granular con- 
dition with a reddish, grey, or white colour. Its hardness is about 2-5 
and its density about 21.’^ It does not deliquesce, and its potash 
content makes it a valuable and widely used fertiliser. 

One hundred parts of water dissolve 79*56 parts at 1 8 " Schonitc, 
K2S04.MgS04.6Pl20, crystallises first from the saturated solution,^® and 
this and other reactions have been used in working up kainite for 
potassium and magnesium salts.^"^ 

Magnesium Thiosulphate, MgS 203 . 6 H 20 , crystallises in rhombic 
prisms which are stable in air, readily soluble in water, and precipitated 
from a concentrated solution by alcohol.^® It has l)een prepared by 
digesting a solution of magnesium sul])lute with sulphur,^® and by 
decomposing magnesium sulphate in solution with barium thiosulphate.^® 

The double salts MgS203.K2S203.6ll20 and MgS203.(NH4)2S203.GH20 
have been prepared.®® 

MAGNPkSIUM AND SELENIUM. 

Magnesium Selenide. — Tlic direct combination of magnesium 
with selenium is too vigorous to be practically applicable. An impure 

^ Scott, Trans, Chem. Soc.y 1897, 71 , 567. 

* Pierre, Ann. Ghim. Phys., 1846, [.3], 16 , 244. 

* Werther, Jahresber.y 1864, 249. 

* Coninck and Chauvenet, Bull. Acad. roy. Bdg., 1905, 151, 182. 

® Vohl, Annaleny 1855, 94 , 57. 

* Vohl, ibid.y 1856, 99 , 124. 

’ Zincken, Jahrb. Miner., 1865, 310. 

« Kolski, Ghem. Zentr., 1915, i, 271. 

* Meyerhoffer, Zeitsch. anorg, Ghem., 1903, 34 , 145. 

Rammelsberg, Jahresber., 1866, 951. “ Frank, Ber., 1868, i, 121. 

van ’t Hoff and Meyerhoffer, J. Chem. Soc., 1903, 84 , Abs. ii, 555. 

Lowenherz {Zeitsch. physikal. Chem., 1894, 13 , 459; 1897, 23 , 95) has studied 
saturated solutions containing MgS 04 , Kjpl, and MgClg in all proportions. 

Groth, Po^g. Annahn, 1869, 137 , 442. 

Zepharovich, Zeitsch. Kryst. Min., 1882, 6 , 234. According to de Schulten {Compt, 
rend., 1890, iii, 929), the density at 15® C. of artificial kainite is 2*120, and of the colourless 
crystalline mineral 2*151. 

Krause, Arch. Pharm., 1875, [3], 6, 326. 

” See Dupr 6 and Hake, Dingl. poly. J., 1879, 233 , 492 ; Jahresber., 1880, 1174 ; 1882, 
1397. 

Rammelsberg, Pogg. Annalen, 1842, 56 , 303. See Jahresber., 1865, 346. 

Hager, Jahresber., 1863, 191. 

Kessler, Pogg. AnnaUn, 1848, 74 , 282 ; Fock and Kluss, Ber., 1890, 23 , 634. 
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product is obtained by heating magnesium in nitrogen containing 
selenium vapour, or by reducing magnesium selenate with carbon in an 
electric furnace. Fonzcs-Diacon prepared it by acting with hydrogen 
sclenide on anhydrous magnesium chloride heated to redness. 

MgSe is whitish yellow, crystalline, and decomposed rapidly in moist 
air, evolving hydrogen selenide. Excess of water appears to form a 
soluble hydrated selenide.^ 

Magnesium Selenite. — Cubic crystals of MgSeOg.GHgO separate 
on adding sodium carbonate solution to a solution of a magnesium salt 
and selenious acid. It is insoluble in water, soluble in acids (includijig 
selenious acid), forms a nionohydrcde at 100 ° ('., becomes anhydrous 
between 150'^ C. and ‘ 200 C., and leaves a residue of magnesia at higher 
temperatures. Wh(*n treated with water under })ressure at ISO"" C, it 
transforms into a rhombic dihydrate, which has similar properties to the 
hexahydratc*.^’ ® A heptahydrafe has been precipitated from selenite 
and magnesium -salt solutions by ammonia,^ and Herzeliiis ® described 
a trihydrate from the neutralisation of selenious acid with magnesium 
carbonate. 

The acid salts MgSeO^.H^ScO^.^TIgO and MgSeO 3 . 2 H 2 SeO 3 . 3 H 2 O 
were obtained by evaporating solutions containing MgO and SeOg in 
suita})le proj)orti()ns,’^ and rhombohcdral Mg 0 . 2 Se 02 by heating a solu- 
tion of the neutral salt in selenious acid under pressure at 200 ° C. The 
last is also insoluble in water and soluble in acads.^ 

Magnesium Selenate, MgSe 04 , crystallises with 6 or 7 molecules 
of water, and the two hydrates are isomorphous with the corresponding 
hydrates of magnesium sulphate. The double salts R 2 Se 04 .MgSe 04 . 
CHgO are also isomorphous with the corresponding sulphates.® 

MAGNESIUM AND TELLURIUM. 

Magnesium Telluride, MgTe, is obtained by heating magnesium 
in tellurium vapour and a current of hydrogen. The direct union of 
the tw^o elements is very vigorous. It is a white sid^stance that is 
decomposed, with evolution of hydrogen telluride, by acidulated water. 
It crackles in air or water and apparently decomposes.'^ 

Magnesium Tellurite. — A solution of sodium tellurite preeipitates 
a white, fiocculent i)recipitate of SMgTeO-j.OHaO from magnesium 
chloride solution. It is slightly soluble in water. 

There is evidence for the existence of the hydrate 10 MgTeO 3 . 9 H 2 O.® 

Magnesium Tellurate. — MgTe 04 and MgH 2 (Te 04)2 are obtained 
as white flocculent preeipitates by precipitation of a magnesium salt 
with normal or acid potassium tellurate. The latter salt is the more 
soluble.® 

^ Moissan, Traite de Chimie Minirale (Masson et Cie), Paris, 1904, yol, iii, p. 938; 
Berzelius, Traite de Chimie, 1831. ^ 

* Boutzoureano, Ann. Chim. Phys., 1889, fvi], 18 , 289. 

® Nilson, Bull. Soc. chim., 1874, [2], 21 , 263. 

* Hilger and Gerichten, Zeitsch. anal. Chem., 1874, 13 , 132, 394. 

** Berzelius. Traite de Chimie, 1831. 

“ Mitscherlich, Pogg. Annahn, 1827, ii, 327. See Jahresber., 1873, 143. 

’ Berthelot and Fabre, Ann. Chim. Phys., 1888, [ 6 ], 14 , 104. 

« Lenher and Wolesensky, J. Amer. Chem, 80 c., 1913, 35 , 723 ; Berzelius, Traiti de 
Chimie, 1831. 

* Berzelius, loc, ciU 
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MAGNESIUM AND CHROMIUM. 

Magnesium Chromite, -The com])ounds 2 Mg 0 .Cr 203 and 
3 Mg 0 . 2 Cr 203 , and finally, at a red heat, M^O.CrgOg, result from the 
calcination of niagjiiesium chromate. Amorphous Mg 0 .Cr 203 is also 
obtained by calcining either the double chromate of maj^mesium and 
potassium,^ or magnesium chloride with potassium dichromate.^ 

Dark j^reen octahedral crystals of Mg 0 .Cr 203 are formed when mag- 
nesia and green chromium trioxide, in a])propriate })roportions, are 
heated strongly with boric acid,^ or, alone, in the electrie furnace. Their 
physical i)roj)crtics seem to vary with their mode of ])roduction : they 
scratch glass and not quartz, and have a density of l< 'il 5 at 16° C. 
when prepared by the boric acid method ; tlui furnace })roduct is 
harder than quartz, and its density is 4-6 at 20 ° C. Sulphuric acid 
attacks them readily ; they resist boiling nitric acid and arc slowly 
attacked by hydrochloric and hydrofluoric acids. They arc very 
resistant to oxidising agents in general.^ 

Magnesium Chromate, MgCrO^-THgO, crystallises in large 
transparent ])risms isomor[)hous with Epsom salts.®’ It becomes 
MgCr 04 .Il 20 at 130° C.® Yellow crystals of MgCr 04 . 5 ll 20 , isoniorphous 
with copper sulphate, were obtained by crystallisation above 30° C. 
Water partly decom])osed them.® 

Potassium Magnesium Chromate, K2CrO4.MgCrO4.6H2O, 

crystallises from the mixed solutions of its (joiistituent salts at — 10 ° C. 
It deposits as small, lemon -yellow crystals which elHoresec and arc 
monoclinic.^^ It can be crystallised out up to 15° C., but is apparently 
unstable even at 10 ° C. and (ihanges slowly into the dihjdrate. The 
change is more rapid at 120 ° The dihydrate forms light yellow 

prismatic crystals which dissolve in water without decomposition ; it 
can be crystallised from very concentrated solutions. 

Rubidium Magnesium Chromate and Caesium Magnesium 
Chromate are isomorphous. Monoclinic crystals of Rb 2 Cr 04 .MgCr 04 . 
GllgO or Cs 2 CrO 4 .MgCrO 4 . 6 H 2 O crystallise out from solutions of the 
constituent chromates in appropriate proportions.^®’ 

Ammonium Magnesium Chromate, (NH4)2Cr04.MgCr04. 
bHgO, crystallises in large monoclinic prisms isomorphous with the 
corresponding double sulphate.®’ The dihydrate has been precipi- 
tated in yellow crystals, which are .stable in water, by adding a 2N 
solution of MgCr 04 to a 2N solution of (NH 4 ) 2 Cr 04 .i® 


^ Schweitzer, J, prakt. Ghem., 1846, 39 , 259. 

“ (lerber. Bull. Soc. chhn., 1877, 2 , 437. 

® Ebelmen, Ann. Ghim. Phys., 1848, [3], 22 , 211. 
* Dufau, Gompt. rend., 1896, 123 , 886 . 

® Grailich, Jahresber., 1858, 164. 

® Topsoo and Christiansen, ibid., 1873, 142. 

’ Fock, Zeitsch. Kryst. Min., 1879, 4 , 583. 

® Abott, Jahresber., 1877, 44. 

® Wyrouboff, BuU. Soc. chim., 1889, [3], 2 , 500. 
Briggs, Tram. Ghem. Soc., 1904, 85 , 679. 

Duff our, Gompt. rend., 1919, 169 , 73. 

Groger, Zeitsch. anorg. Ghem., 1907, 54 , 185. 
Barker, Tram. Ghem. Soc., 1911, 99 , 1326. 
Tutton and Porter, Min. Mag,, 1912, 16 , 169. 
Groger, Zeitsch. anorg. Ghem., i908, 58 , 412. 
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MAGNESIUM AND MOLYBDENUM. 

Magnesium Molybdate, MgMo 04 . 7 H 20 , is obtained in slender, 
glancing prisms, which resemble Epsom salts, by crystallisation after 
heating magnesia with molybdic acid and Avater. It is unstable in air, 
easily soluble in water, and deliydrates without melting when heated.^ 
The pentahydrate separates from more concentrated solutions ; it 
becomes the dihydrate at 100 ® Some comj)l('X molybdates,^ and 

the double molybdates K2MoO4.MgMoO4.2l I gO and (NH4)2Mo04. 
MgM()04.2ll20,^ have been dcseribetl. 

MgMo04 occurs naturally as belonesite in colourless, white, tetra- 
gonal crystals. 

MAGNESIUM AND TUNGSTEN. 

Magnesium Tungstates. -Large, (colourless, octahedral and 
columnar crystals of MgW04 are obtained by fusing sodium tungstate 
with excess of magnesium chloride and salt.^ Ullik obtained a hepta- 
hydrate by acting on magnesium carbonate with tungstic acid.® The 
metatungstate, Mg0.4<W03.8ll20, and the paratungstate, OMgO.TWOg, 
24H2O,® liave been prepared. Various double tungstates have also 
been reported.®’ ’ 


MAGNESIUM AND NITROGEN. 

Magnesium Nitride. — When magnesium is lucated in air it begins 
to combine with oxygen at 600 ® C., and a volume of air can be deprived 
of its oxygen by kee})ing the temperature well below 670 ® C. At the 
latter temperature the metal combines with nitrogen to form magnesium 
nitride.® Magnesium nitride is an amorj)hoiis })owder, greenish grey 
or greenish yellow in colour, and corresponding to the formula MggNg*® 
It is stable in dry air, but water converts it into ammonia and magnesium 
hydroxide — 

MgaN2 + 6ir20=2NH3+8Mg(0H)2. 

Dilute acids decompose it similarly. It is said to dissociate completely 
at 1500 ® C., and to react when heated in carbon dioxide accorcling to 
the equation — 

3C02=3Mg0 1-3CO +N 2 . 


Carbon monoxide acts less readily and a much higher temperature is 
needed — 

Mg 3 N 2 + SCO - 3 MgO -l-Na + SC.^® 

1 Ullik, Annalen, 1867, 144 , 204. 

® Struve, prakt. Ckem,, 18.54, 61 , 453. 

® Ullik, Annalen^ 1867, 144 , 320. 

* Geuther and Forsberg, ihid ^ 1861, I20, 270. 

Ullik, Jahresher., 1867, 222. 

® Knorre, Ber., 1886, 19 , 819. 

’ Lotz, AnnahUf 1854, 91 , 49 ; Marignac, Ann. Chim. Phys., 1863, [3], 69 , 58. 

® Matignon and Lassieur, Oompt. rend.^ 1912, 154 , 63. 

• Sinits, Rec. Trav. chim., 1893, 12 , 198. 

Fiehter and Scholly, Helv. Chim. Acta, 1920, 3 , 298. Biiogleb and Gautier stated 
that, in both instances, cyanogen was prc^uced {Annalen, 1862, X 23 , 228). See also 
under Magnesium Cyanide. 
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When it is warmed with anhydrous nickel chloride, nickel nitride is 
formed, and other metallic chlorides react similarly. ^ 

It was first prepared by heatin^^ magnesia in nitrogen, ^ and finally, 
much purer and more readily, by heating the metal in ammonia.® In 
souKi methods of ])reparation the metal was heat(Kl in mass with a 
slight exposure of surface : the outer rind was oxidised and the inner 
core converted into nitride.^ 

llorchers and Beck electrolysed with an anode licpiid of magnesium 
oxide and alkali finorid(‘. aiul a cathode liejuid of fused zinc. The 
liberated magnesium alloyed with the zinc and combined with the 
nitrogen of air whicii was blown ijito it.^ 

Its heat of formation has been given as +110*7 Cal.® 

Magnesium Azide, MgfN-jIg. -Magnesium dissolves easily in 
dilute hydrazoic acid, and a readily soluble salt is obtained by decom- 
posing barium azide with magnesium sulphat(‘. This salt explodes on 
heating, is decomposed by hot Avater, and has not b(‘cn obtained 
pure.® 

Magnesium Nitrite is usually ])re])ared by interaction betw^een 
barium nitrite and magnesium sulj)hat(%^’ ® and has also been obtained 
by treating silver nitrite with magnesia® or Avith magnesium chloride.^® 

The trihydrafe, Mg(N02)2.3H20, crystallises in deliquescent leaf- 
lets which arc yellowish® or snoAv-Avhite.^ It slowly decomposes 
in a stop})ered bottle,® and its solution decomposes, cA^olving nitric 
oxide when evaporated on the Avater-bath.'^’®’ 

Careful concentration under diminished ])ressure, or under diminished 
pressure OA^^r sulphuric acid, results finally in the dihydraie.’^^^'^^ This 
has also been obtained by digesting magnesium sul}:)hate and sodium 
nitrite Avith per cent, alcohol and CA^a])orating under reduced pressure.^® 
It occurs as a hard, efllorcseent, w'hitti mass ® or as clear crystals,^® and 
is much more stable tlian the trih^ulrate. It does not usually dissolve 
to a clear solution, and may partially decompose on continued de- 
hydration.'^’ ® 

Magnesium Nitrate. Metallic magnesium, magnesia, and mag- 
nesium carbonate dissolve easily in nitric acid to magnesium nitrate. 
From neutral solutions at ordinary tem])eratures the hexahydrate, 
Mg(N03)2.6H20, crystallises in monoclinic prisms and needles which do 
not effloresce over sulphuric aeid.^^ Mg(N03)2.9H20 forms when the solu- 
tion is cooled to — 2 C C. ; at — 17 ° C. it rcAxrts to the hexahydrate.^® 

* Smits, Rec. Trav. chim.t 1896, 15 , 135. 

* Devillc and Caron, Annalen^ 1857, loi, 359. 

® Matignon, Co7npt. rend., 1912, 154 , 135. 

* Eidmann and Moeaer, Ber., 1901, 34 , 390 ; Kirchner, Ckem. Zeit., 1901, 25 , 395 ; 
Matignon and Lassieur, loc, ciU 

® German Patent, 196323, 1906. 

* Curtis and Rissoni, J. prakt, Chem., 1898, [ 2 ], 58 , 291. 

’ Vogol, Zeitsch. ariorg. Chem.f 1JK)3, 35 , 385. 

® Ray, Trans. OMm. Soc.y 1905, 87 , 178. 

® Fischer, Pogg. Annalen, 1848, 74 , 11.5. 

Lang, ibid., 1863, 118 , 282. 

“ Fischer, 1848, 74 , 115. 

Hampc, AnneUen, 1863, 125 , 334. 

Matuschek, Chem. Ind., 1902, 20. 

Lescceur, Ann, Chim. Phys., 1896, [7], 7 , 416. According to Chodnow {Annalen, 
1849, 71 , 241), a dihydrate is formed by long standing over sulphuric acid, and a mono- 
hydrate by heating to 210°- 245® C. 

Funk, Ber., 1899, 32 , i, 96. 
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The heat of solution of the Jiexahydrate is -“4*200 Cal. ; it melts in 
its* water of erystallisation, and with rising temperature loses water and, 
apparently, nitric acid.^’^ The basic salts 3 Mg 0 . 2 N 205 . 5 ll 20 ^ and 
4 Mg 0 .N 205 2 have be(‘n said to result from this double loss. 

According to Lesecxiur, the Jiexahydrate gradually dissociates into the 
trihydrate at 05'’ C., and the latter also results when a saturated, neutral 
solution of magnesium nitrate is mixed with an equal volume of fuming 
nitric aeid.^ Ditto, by heating the hexahydrate, obtained a syrupy 
mass which suddenly solidified into the trihydrate. He also obtained 
transparent prisms of the dihydraie by heating the nitrate till nitric 
oxide lx‘gan to come off, dissolving in nitric acid, and crystallising. 
The crystals were V(‘ry deliquescent.^ 

Magnesia is the final product of heat upon magnesium nitrate : 
according to Graham, the monohydrate is formed at the temperature of 
melting Icad.^ 

A nearly saturated solution of magnesium nitrate evolves heat on 
dilution.’^ A saturated aqueous solution of magnesium nitrate at O'* C. 
contains 39*90 f)er cent, of the anhydrous salt.® 

Mg(011)2 + 2 lIN 0 .,Aq.-:Mg(N 03 ) 2 Aq. f 27*000 Cal. 

Didicr*^ obtained 3 MgO.N 2 O 5 . 5 H 2 O in slender, white, microscopic 
needles, which were optically active, by treating a solution of magnesium 
nitrate at 100 '’ C. witli small quantities of magruNsiurn at a time, heating 
to 150'’ C., filtering through cloth, and allowing to stand in a closed 
vessel. It was decomposed by water and alcohol. 

Double Nitrates of Magnesium have been obtained with 
potassium,®’ ® with ammonium,^ and with calcium.^® Meyer and 
Jacoby prepared MgCe(N 03 ) 6 . 8 H 2 ^>’^ Mg 0 .La 203 . 2 N 205 . 8 ll 20 has 

been reported. 

MAGNESIUM AND PHOSPHORUS. 

Magnesium Phosphide. — AVhen calcium jihosphate and mag- 
nesium are heated together, the action is violent and magnesium 
jihosphide is a})})arently produced.^® It was also obtained by heat- 
ing magnesium with various substances, organic or inorganic, con- 
taining phosphorus. 

It has been more effectively prepared by lieating magnesium in 
phosphorus vapour and carbon dioxide,^^ and by the direct union of 
magnesium and phos])horus.^® Gautier heated magnesium in phos- 
phorus vapour and hydrogen, and obtained small, brilliant, dark green- 

^ Leseojur, Ann. Chim. Phys.y 1896, [7], 7 , 416. 

2 Ditto, Compt. rend.y 1879, 89 , 641. 

® Millon, Ann. Chim. Phys.y 1845, [3J, 13 , 134. 

* Ditto, loc. cit, ; Funk {Her., 1899, 32 , 96) could not confirm the di- or tri -hydrate. 

Dunnington and Hoggard, Amer. Chem. J., 1899, 22 , 207. 

® Funk, loc. cit. ’ Didier, Compt. rend.y 1896, 122 , 935. 

® Lang, J. prakt. Chem.y 1862, 86 , 295. 

® Graham, Annahn, 18.39, 29 , 18. 

Moissan, Traite de Ghinnc MineraUy 1904, iii, 982. 

Mt^yer and Jacoby, Bcr.y 1900, 33 , 2137. 

Holzmann, Jahresber.y 1858, 135; Carus, ibid. 

Duboin, Compt. rend.y 1901, 132 , 826. 

Bunsen, Annaleriy 1866, 138 , 292 ; Schonn, Zcitsch. anal. Chem., 1869, 8 , 53. 

Blunt, J. Chem. Soc., 1865, 18 , 106. 

Parkinson, ibid., 1867, 20 , 127, 309. 
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^rey crystals corresponding to MggPg. Magnesium phosphide is stable 
in dry air,^ but readily deeomposed by moisture into magnesium 
hydroxide and ])ure hydrogen phos])hide. The halogens and ordinary 
mineral acids also decompose it, and it burns at a dull red heat in 
oxygen to magnesium phosphate.^ 

Magnesium Hypophosphite. — Octahedral crystals of Mg(H 2 P 02 ). 
GllgO ® are obtained by boiling magnesium oxalate with calcium 
hypo| 3 hosphite.^ 

Magnesium Phosphite, MgHPOjp has been obtained in small 
crystals by dissolving magnesium oxide or carbonate in phosphorus 
acid. It contains some water of crystallisation.'* 

Magnesium Hypophosphate, MgPOg.bHgO, is precipitated by 
normal sodmm hypophosphate from a solution of magnesium sulj^hatc 
as a sparingly soluble, fine, crystalline precipitate. It dissolves in acetic 
acid containing a little hydrochloric acid, and MgPOg.PillgO is obtained 
by concentrating the solution. It becom(*s the hexahyclrate at 200 ° C.® 

Magnesium Orthophosphate occurs as bobierrite, Mg 3 (P 04 ) 2 . 
8 II 2 O, in wagneritc, 2 Mg 3 (P 04 ) 2 .MgF 2 , and in the ])arts and products 
of animals or plants— in bones, for exam})le, and in guano. 

When a magnesium salt is precipitated cold by trisodiiim phosphate, 
colloidal, gelatinous magnesium orthophosphate first forms which slowly 
becomes crystalline.^ Mg 3 (P 04 ) 2 . 22 H 20 se})arates at 10 ° C. from mixed 
solutions of magnesium siilphate, disodium hydrogen phosphate, and 
sodium bicarbonate : the precipitate from more concentrated solutions 
is amor|)hous, but crystals of density 1*640 se})arate at greater dilutions. 
A crystalline octahydraie se])arates from still more dilute solutions at 
20°-25° C., and larger monoclinic crystals with a density of 2*195, 
resembling bobierrite, result when dilute ammonia is droj)ped into a 
solution containing magnesium chloride, disodium hydrogen phosphate, 
and hydrochloric acid.® It loses water over sulphuric acid or at 100 ° 
and becomes anhydrous at a red heat.^® 

The heptahydrate occurs in guano,^^ and has been prepared in small 
hexagonal crystals by boiling acid magnesium phosphate with mag- 
nesium carbonate.^^ 

The pentahydrate has been j)rcparcd by the action of water at 120 ° C. 
on MgliP 04 ,^® and is ]>recipitated as a white, amorphous, tasteless 
powder when trisodium phosphate is boiled with excess of magnesium 
sulphate. 

One part of freshly precij)itatcd magnesium orthophosphate dis- 
solves in about 5000 parts of water and in about 10,000 parts after 

^ Emmerling {Ber., 1879, 12, 153) said it oxidised to phosphate. 

* Gautier, Compt. rend., 1899, 128, 1167. 

® Rammelsberg, J. Chem. Soc., 1873, 26, 9 ; Beckenkamp {Zeitach. Kryst, Min., 1903, 
37, 618) jdaces them in the tetragonal system. 

* Rose, Pogg. Annalen, 1828, 12, 85. 

^ Rose, ibid,, 1827, 9, 28 ; Rammelsberg, ibid., 1867, 131, 369. 

* Rammelsberg, Chem. Zentr., 1891, ii, 790. »See Salzer, Annalen, 1877, 187, 329. 

’ Stein and Tollens, Annalen, 1877, 187, 79. 

® Bei-ihelot, Ann. Chiin. Phys., 1887, [6], ii, 353. 

® de Schulten, Bull. 80 c. frang. Min., 1903, 26, 81. 

Stein and Tollens, he. cit., 87. 

Bobierre, Jahresber., 1868, 949. 

Debray, Ann. Chim. Phya., 1861, [3], 61, 431. 

Schaffner, Annalen, 1844, 50, 145 ; Debray, he. cit. 

Rose, Pogg. Annalen, 1849, 76, 20. 
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ignition.^ The solubility is increased by sodium chloride and some other 
salts. ^ The precipitate dissolves readily in mineral acids, very much 
less readily in acetic acid, and when dehydrated by calcination becomes 
phosphorescent.^ 

Natural bobierrife crystallises in the monoclinic system with a hard- 
ness of 2*5 and a ^density of 2*43. Wagnerite is monoclinic, and has a 
hardness of 5 5*5 ; its density is 3*06. 

Acid Magnesium Phosphates. MgnP04. 141120 separates from 
cold, dilute mixed solutions of magnesium sulphate and sodium phos- 
j>hat(‘ in insoluble, tasteless, silky needles.'* The disodium salt pre- 
cipitates it from magnesium acetate* solution ; ^ it also precipitates an 
acid ])hos})hate from magnesium sulphate,^* which has been said to be 
the 2)entahydrateP Crystalline MgllPO^.OlIgO has been obtained by 
digesting j)h()sphoric acid in the* c‘old with magnesium carbonate.® 

MgllPO^.MHgO becomes the hexahijdratc at 100° C., and, at ordinary 
temperatures, dries gradually into a mixture of the kiwor and tri-hydrate.'^ 
The trihydrate is said to l)e the stable salt in equilibrium with relatively 
dilute solutions of ])hosphorie aeid.^*^ 

A dihydrate has been said to result when ammonium magnesium 
phosphate is heated with alcohol — 

NIl4MgP04.Gll20^MgHP04.2(H20) I ilL/) t-NIL,.** * * 

A monohydrate was obtained by heating a solution of magnesium 
earl)onate in excess of ])hosphoric acid at 225° C. in sealed tubes. Its 
microscopic, hexagonal, lamellated crystals dissolve in dilute acids and 
do not change at 100° 

Hot water decomposes the hexahydrate into insoluble Mg3(P04)2. 
srigO and soluble Mg(Il2p04).® The dihydrate of the latter is obtained 
by heating magnesia on the water-bath with concentrated phosphoric 
acid, and cooling. It dissolves readily in water without decomposition.*® 

Magnesium Metaphosphate, Mg(P 03 ) 2 , obtained, by heating 
magnesium carbonate at 316° C, with excess of phosphoric acid, as an 
anhydrous powder which is insoluble in water, little soluble in dilute 
acids, and soluble in concentrated sulphuric acid.*'* The tetrahydrate was 
obtained by adding alcohol to a solution of a magnesium salt and 
ammoniu m metaphosphate . *® 

Other metaphosphates have been described.*® 

Magnesium Pyrophosphate. — Sodium pyrophosphate precipi- 
tates amorphous Mg2P207.3ll20 from magnesium sulphate solutions, 

* Volckor, Jahresber., 1862, 131. 

* Liebig, Annalen, 1858, io6, 193. 

® Schaffner, Anna ten, 1844, $0, 146. 

* Schaffner, loc, cit , 145 ; (Irahanti, Annalen, 1839, 29, 24. 

® Graham, lac. cit. 

« Berthelot, Ann. Ghim. Phys., 1887, [6j, ii, 353. 

’ Laden burg, Hamiworterb uchf 1889, 7, 23. 

Debray, Ann. Ghim. Phys., 1861, [3J, 61, 431. 

9 Reischauer, Jahresber., 1865, 175. 

10 ^-ameron and Bell, J. Physical Ghem., 1907, ii, 363. 

11 Dt ^hn and Heuse, J. Anter. Ghem. iioc., 1907, 29, 1159. 

12 ^Schulten, Compt. rend.^ 1886, loo, 877. 

18 ^^itsch. anorg. Ghem., 1892, i, .302. 

14 Annalen, 1847, 61, 63. 

16 Laderi Handworterbuch, 1889, 7, 24. 

i« Pleitmt ***** ®i**^ Henneberg, Jahresber., 1847-48, 361 ; 1849, 238. 
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which becomes the crystalline trihydrate when dissolved in sulphurous 
acid and heated. A /gelatinous trihydrate separates from a heated 
solution of acidified sodium pyrophosj)hate in which maofnesia has been 
dissolved. It is slightly soluble in water, but is soluble in nitric, hydro- 
chloric, and pyrophosphoric acids. ^ According to Popp,^ the amor- 
phous prcci})itatc spontaneously changes to a crystalline podahydrate, 
2MgO.P2O5.7H2O, and two modifications of 2Mg0.p205. 151120, have 
been prepared from magnesium sulphate and sodium [ihosphatc under 
different conditions.^ Annnonium magnesium phosjihate is converted 
into the first by soaking in glycerol.^ 

These hydrates, MgllPOi. and tlu^ double phosphate of ammonium 
and magnesium, ignit(‘ to the anhydrous ])yrophos})hate. Popj) re- 
ferred the incandescence which sometimes accompanies the last ignition 
to a passage from the crystalliiie to the amorphous condition. When 
there is no ine.andcscenee, the pyrophosphate is white and loose in 
texture ; when there is, it is dark, lava-like, and more resistant to acids. 
Since the dark colour is due to enclosed and unburnt carbon, incan- 
descence can be prevented by excluding organic matter. Slow ])re- 
cipitation at boiling tmnperature, evaporation before ignition with an 
ammonium salt, or very slow" ignition also jirevents it.^ Phosphides 
may occur during ignition if organic matter is present.^ 

At the tcnificrature of the electric furnace the pyro})hosphate decom- 
poses with the forniation of phosphorus and magnesia.'^ It also loses 
weight when heated in a blast.® 

Nitric acid liberates pyro]ihosj)horic acid from magnesium pyro- 
phosphate and forms magnesium nitrate.^ 

Digestion with concentrated sulphuric acid converts it into ortho- 
phosphate.^^ It dissolves in acids and does not combine with ammonia. 

It has been crystallised from the molten condition. 

Double Phosphates of Magnesium. -Microscopic prisms of 
NaMgPO^.OHgO w^erc obtained by crystallising a solution of magnesium 
oxide in sodium dihydrogen phosphate. It bec^omes the monohydrate 
at 110° C. Rhombic f)lates of KMgPO^.OHgD are pre])ared analogously. 
It becomes the monohydrate at 110° U. and anhydrous on calcination. 
Water decomposes it.^® 

Ouvrard obtained the double metaphosphatc KMg(P03)3 in prisms 
of density 2*4 at 20° C. and soluble in acids. Various other double 
phosphates with the alkali metals have been described — -including 

1 Schwarzenberg, Annalen, 1848, 65 , 14G. 

* Popp, Bull, Soc. chim.y 1870, [2], 14 , 195. 

* Struve, Zeituch. anal. Chem., 1897, 36 , 289. 

* Struve, ibid., 1898, 37 , 486. 

® Karaoglanow and Dimitrow, ibid., 1918, 57 , 353. See Balareff, Zeilsch. anorg. Chem., 
1916, 97 , 149. 

® Pereira, Trans. Chem. JSoc., 1914, 106 , 816.’^ 

^ Moissan, Ann. Chim. Phys., 1896, [7J, 9 , 134. 

® Jarvinen, ZeitscJi. ami. Chem., 1906, 44 , 333. 

® Campbell, Phil. Mag., 1862, [4], 24 , 580 ; Luck, Zeilsch. anal, Chem., 1874, 13 , 266 ; 
Handy, J. Amer. Chem. Soc., 1900, 22 , 31. 

Weber, Jahresber., 1847-48, 947. 

Pavesi and Rotondi, Ber., 1874, 7 , 818. 

Anderson, J. Washitigton Acad. Sci., 1914, 4 , 318. 

Shrocker and Violet, Anmlen, 1866, 140 , 229. 

Ouvrard, Ann, Chim. Phys,, 1889, [ 6 ], 16 , 310. 

Chevron and Droixhe, Jahresber., 1888, 623. 
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RbMgP 04 . 6 H 20 , which was obtained by precipitating mixed solutions 
of' magnesium and rubidium chlorides with disodium hydrogen phos- 
phate. Unlike the corresponding potassium salt, it is stable to water. ^ 
Ammonium Magnesium Orthophosphate. — Fourcroy precipi- 
tated a solution of a magnesium salt with ammonium })hosphate or 
with sodiujn j)hosphate in the presence of an ammonium salt and 
ammonia.^ Prcci})itation is ineom})letc without excess of the alkaline 
phosphate and of ammonia to neutralise the acid liberated during the 
reaction- 

MgCl 2 t NH 4 CI + NaaliPO^ - NH 4 MgP 04 2NaC 1 f IICl 

The salt is also less soluble in ammonia than in water : between 
20-5” C. and 22-5° (\, 1 part of the double phosphate dissolves in 13,497 
parts of water and in 00,883 parts of ammonia solution of density 
(>•961.^ Precipitation is only complete on standing or after vigorous 
shaking.^ 

The hexahydrate usually precipitates in the cold, but is transformed 
into the monohydrate at 47“"48^ C\ in contact with water, and the degrcic 
of hydration of the precipitate varies with the temperature and the 
com])osition of the liquid.^ 

Rhombi(! crystals of the hexahydrate occur as struvite, with a hardness 
of 2*1 and a density of 1 05. It also occurs in guano,’ in urinary calculi, 
in gallstones, and crystallises from alkaline urine. 

The hexahydrate crystallises in various forms of the cubic system,** 
has an alkaline reaction and an insipid taste.® 

Cubical crystals of the monohydrate, stable at lOO"" C., have been 
obtained by the action of neutral ammonium phosphate 011 magnesium 
sulphate.^** The hexahydrate does not alter in air up to 30° C.,^^ and, 
though Graham said it dried to the monohydrate,^'^ dex^s not seem to dry 
to definite composition at 100° 

Ammonium magneshim phosphate ignites to the ])yro])hosphatc of 
magnesium with the cv^olution of ammonia and water. 

MAGNESIUM AND ARSENIC. 

Magnesium Arsenide, MggAsg* is j)repared as a brown mass with 
metallic lustre by heating magnesium powder and arsenic in hydrogen. 
It fuses with difficulty, falls to a powder in air, and reacts with water or 
dilute acids to form arsine.^* 

^ Enlmann and Koothner, Annalen, 1897, 294 , 71. 

® Riffault, Ann. Chim. Phys., 1821, 19 , 90 ; Graham, Annalm, 1839, 29 , 24. 

® Berzelius, Pogg. AnnaUn, 1825, 4 , 275 ; Lesieur, Compt. rend., 1864, 59 , 191. 

* Ebermayer, J. prakt. Chem., 1853, 60 , 41. For sfdubilities in water and ammonia, 
see also Fresenius, Annalen, 1845, 55 , 109 ; Volcker, Jahresber., 1862, 131 ; Kubcl, Zeitsch. 
anal. Chcin., 1869, 8 , 125 ; Kissel, ibid., 173. For solubilities in various acids and salts, 
see Liebig, Annalen, 1858, 106 , 185 ; Millot, BuU. Soc. chim., 1872, [ 2 ], 18 , 20 ; Ville, 
Compt. rend., 1872, 75 , 544 ; Lindo, Chem. News, 1883, 48 , 217. 

® For further details of precipitation, see Detection and Estimation. 

® Bubo, Zeitsch. anal. Chem., 1910, 49 , 525. 

’ de la Provostaye, Compt. rend., 1861, 53 , 442. 

® Millot and Maquenne, BuU. Soc. chim., 1875, [ 2 ], 23 , 238 ; 8 tein and Tolleiis, Annalen, 
1877, 187 , 87. 

® Stolba, Chem. Zentr., 1876, 727. Millot and Maquenne, he. cit. 

“ Struve, Zeitsch. anal. Chem., 1898, 37 , 485. Graham, Annalen, 1839, 29 . 1 . 

Dehn and Reuse, J. Amer. Chem. Soc., 1907, 29 , ii, 1137. 

Parkinson, Trans. Chem. Soc., 1867, 20 , 125, 309. 
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Magnesium Arsenites. — Magnesium orthoaraenite, Mg 3 (As 03 ) 2 , is 
obtained as a white precipitate, easily soluble in water and dilute acids, 
by adding to a solution of magnesium chloride in 50 per cent, alcohol 
a solution of potassium orthoarsenite made just neutral with acetic acid.^ 
The pyroarsenite^ MggAsgOg^HgO, is produced by double decomposition 
between barium pyroarsenite and magnesium sulphate. It is a white, 
granular, hygroscopic, amorphous powder, soluble in dilute acids and 
water, which readily darkens on heating.^ Bloxam ^ obtained a pyro- 
arsenite by precipitating magnesium sulphate with ammonium arsenite 
and heating the precipitate. 

Magnesium Arsenates. — Crystallised Mg 3 {As 04 ) 2 . 22 lIo 0 (density 
1*788) and Mg 3 (As 04 ) 2 . 8 H 20 (corresj >011 ding to hoernesite, of density 
2*609) were prepared analogously to the corresponding phosphates.^ 

Prismatic crystals of 2 MgIlAs 04 .Il 20 are obtained by heating a solu- 
tion of magnesium carbonate in excess of arsenic acid at 225° C. in 
sealed tubes.® The pyroarsenatc, Mg 2 As 207 , results from the ignition 
of the double arsenate of ammonium and magnesium.® 

These arsenates are insoluble in water ])ut soluble in acids. 
Mg(H 2 As 04)2 is deliquescent, and soluble in water. 

Ammonium Magnesium Arsenate resembles the corresponding 
phosphate, is formed under analogous conditions, and ignites to the 
j^yroarsenate.’^ Tlie heimhydrate, Nn 4 MgAs 04 . 6 H 20 , ])recipitates under 
ordinary conditions, and, when heated between 40° C. and 285° (^, 
loses ammonia and water.® It is therefore doubtful whether cither the 
inonohydrate or NH 4 MgAs 04 .|H 20 ® is ])rodu(;ed at 100° C. 

One part of NH 4 MgAs 04 dissolves in 2788 parts of water at 15° C., 
and in 15,786 parts of ammonia solution containing 1 part of 0*96 
ammonia to 3 parts of water. 

Magnesium can be estimated by precipitation as this double arsenate, 
which is then ignited or titrated. 

Thioarsenic Salts of Magnesium. — A suspension of arsenic tri- 
sulphide in water is decolorised by the addition of magnesia — soluble 
magnesium thioarsenite and insoluble magnesium hydrogen arsenite 
being formed — 

2 AS2S3 + 5MgO H-IIgO r:-Mg3( AsSa )2 + 2MgII ASO3. 

On boiling the solution of magnesium thioarsenite, decomposition occurs 
according to the equation — 

Mg3(AsS3)2+7H20^2MgIIAs03+6H2S+Mg0.i2 

^ Stavenhagen, J. prakt. Chem,, 1895, [2], 51, 19. Sco Stein, Annalen, 1850, 74, 221. 

® Stavenhagen, loc. at, 20. 

® Bloxam, J. prakt Gkem., 1862, 87, 118. 

* de Schulten, BulL Soc. frang. Min., 1903, 26, 81. 

® de Schulten, Compt rend., 1885, 100, 877. .. 

* See Ammonium Magnesium Arsenate. 

’ Levol, Ann. Chim. Phys., 1846, [3], 17, 501. 

® Lefevre, ibid., 1892, [6], 27, 55; Dehn and Heuse, y. Amer. Chem. Soc., 1907,29, 
1137. 

® Field, Jahreaber., 1858, 176; Puller, Zeitsch. anal. Ghem., 1871, 10, 52. 

Fresenius, ibid., 1864, 3, 207. 

See under Detection and Estimation, Also Puller, Zeitsch. anal. Ghem., 1871, 10, 
52 ; Wood, Trans. Ghem. Soc., 1874, 27, 1100 ; Brauner, Zeitsch. anal. Ghem., 1877, 16, 
57 ; Reichel, ibid., 1881, 20, 89; Austin, Zeitsch. anmg. Ghem., 1900, 23, 146. 

Clermont and Frommel, Ann. Ghim. Phys., 1879, [5], i8, 201. 



78 BERYLLIUM AND ITS CONGENERS. 

Nilson ^ obtained a brown mass of M^S.As2S3.5H20 by evaporating 
a. solution of arsenic trisulphide in calcium hydrosulphidc. He also 
obtained 2MgS.As2S;j.8n20 as a yellow crystalline diflicniitly soluble salt, 
BMgS.AsgSg.OlIgO as a pure yellow crystalline salt, and 5MgS.2As2S3. 
.^OHgO as a yellow crystalline salt.^ 

MAGNESIUM AND VANADIUM. 

Magnesium Vanadates. — MgO.2V2O5.8H2O is obtained as a 
sparingly soluble yellow salt, decomposed by hot water with separation 
of vanadic acid, by interaction between ammonium divanadate and mag- 
nesium chloride.'^ Red and brown varieties of 3Mg0.5V205.28H20 were 
prepared by treating the product of the action of amorphous vanadic 
acid on magnesia alba and water with acetic acid. This dimorphous salt 
crystallises in the triclinic system.*’ Manasse obtained it by diluting 
the concentrated solution of the normal vanadate, MgO.V2O5.6H2O, with 
acetic acid. Small, radiating, colourless prismatic crystals of the normal 
salt were obtained by boiling vanadic acid with magnesia alba and 
water, evaporating and crystallising. A yellowish-red crystalline crusft 
of 4Mg0.6V205.19H20 settles out of a hot solution containing potassium 
divanadate and excess of magnesium sulphate. It loses its water at 
200° C.^ 

MAGNESIUM AND COLUMRIUM. 

Magnesium Golumbates* — Hexagonal tablets and prisms of 
4Mg0.Cb205 (density 4 * 43 ) are obtained by adding magnesium chloride 
to potassium columbate solution, fusing tlie precij)itate with anhydrous 
magnesium chloride, and lixiviating with water and hydrochloric acid. 
If the precipitated salt is fused with borax and lixiviated, MgO.CbgOg 
is obtained in small ])rismatic crystals. Joly’s 3Mg0.Cb205 ^ could not 
be confirmed.® 

White, flocculent MgO.CbgOg.THgO precipitates from mixed solu- 
tions of magnesium chloride and sodium columbate.'^ 

MAGNESIUM AND TANTALUM. 

Magnesium Tantalates. — Rose precipitated Mg0.2Ta02.2|H20 
from solutions of sodium tantalate and magnesium sulphate.® Joly 
obtained 4MgO.Ta205, isomorphous with the corresponding columbate, 
by fusing tantalic acid with excess of magnesium chloride.® 

Some double magnesium tantalates have been prepared.^® 

MAGNESIUM AND CARBON. 

Magnesium Carbide. — Moissan thought that magnesium carbide 
could not exist at electric-furnace temperature,^^ but Lebeau obtained 

* Nilson, Jahresber., 1876, 211 ; Trans, Chem, Soc., 1876, 30, 482. 

* Hauer, J. prakt. Chem,, 1860, [1], 80, 329. 

* Sugiura and Baker, Trans. Chem. 80 c,, 1879, 35, 713. 

* Manasse, Annalen, 1887, 240, 48. ^ Joly, Compt. rend., 1876, 81, 266. 

* Larsson, Zeitsch. anorg. Chem., 1896, 12, 195. 

’ Balke and Smith, J, Amer. Chem. 80 c., 1908, 30, 1661. 

* Rose, J. prakt, Chem., 1867, [1], 72, 43. * Joly, he. cit, 1266. 

Balke and Smith, loc, cit, 1667. 

“ Moissan, Ann. Chim. Phys., 1899, [7], 16, 151. 
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acetylene by the action of water on his product. ^ Similar products have 
been obtained by heating magnesium in benzol v a})our ^ or in a current 
of acetylene.^ Lebeau thought t!)at the vapours of carbon and mag- 
nesium reacted, but carbon reduces magnesia at 1700'’ C., if reoxidation 
is prevented, and, since hydrogen from water is usually j)rcsent in fur- 
naces,^ magnesium carbide probably results from an interaction between 
acetylene (produced by a union between carbon and hydrogen) and 
magnesium.^ 

When acetylene is passed over heated magnesium, MgCg, Mg 2 C 3 , and 
C are produced in N arying proportions according to the temperature. 
The decomposition 

2MgC2-.-Mg2(\3 }-C 

is rapid betAveen 570*^ C. and OlO"" C. Above 010 ’ C. the reaction 

Mg2C3--2Mg f-C 

predominates. MggCy })redominates over MgCg Avhen paraflin or 
aromatic hydrocarbons are passed over tlie heated metal. 

Both carbides arc decomposed by water -- 

MgCg + 2II2O :.^Mg(OI I )2 I C2H2 ; 

+ (allylene). 

The products of tlic acetylene reaction between t05'' C. and 515 ’ C. are 
hard, compact, steel-grey masses which decompose water slowly ; those 
obtained above 550"^ G. arc grey, brittle, ami rapidly decomposed by 
water.® 

Magnesium Cyanide. — Scheele treated magnesium hydroxide 
with hydrocyanic acid,^ and Schulz® heated the (louble f(*rrocyanide 
of potassium and magnesium to redness, treated with water and 
evaporated, to obtain Mg(CN) 2 . It is ])erhaps produced, in small 
quantities and very easily decomposed by moisture, by the action of 
carbon monoxide on heatcnl magnesium.® 

The colourless solution of magnesium in hydrocyanic acid soon goes 
brown, and Mg(CN )2 is so soluble and so easily hydrolysed that Schulz’s 
“ crystals ” were probably magnesium hydroxide. Magnesium cyanide 
is also very soluble in alcohol. 

When magnesium fcrrocyanidc is heated, the reaction 

Mg2[Fe(CN)eJ^2Mg(CN)2fFeC2 + N2 
occurs at about 200° C. At 400° C. only 3*30 per cent, of the cyanide 
is produced, and none at 800° C. — magnesium nitride resulting in greater 
and greater proportion as the temperature rises. 

[Mg(OH) 2 ]+ 2 lICN.Aq.=Mg(CN) 2 .Aq. + l 12-000 Cal.“ 

> Lebeau, Compt. rend., 1907, 144, 799. 

® Parkinson, Ann, Chim, Phyfi., 1886, [6], 9, 385. 

3 Berthelot, ibid,, 1866, [4], 9, 406. 

* Slade, Trans, Chem, Soc,, 1908, 93, .327. 

® Pring and Hutton, ibid., 1906, 89, 1591. 

« Novdk, Ber., 1909, 42, 4209 ; Zeitsch. physikal. Chem., 1910, 73, 513. 

’ Scheele, Ojmsc., 1782, 2, 148. 

* ^hulz, J. praJei. Chem., 1856, [1]* 68, 257. 

* Fichtor and SchoUy, Helv, Chim, Acta, 1920, 3, 303. See also Briegleb and Geuther, 
Anncden, 1862, J23, 228, and under Magnesium Nitrato. 

Fichter and Suter, Helv. Chim, Acta, 1922, 5 , 396, See Eidmann J. prakt, Chem,, 
1899 , [2], 59 , 1 * 

Vaiet, Compt, rend., 1895 , 121 , 598 . 
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Magnesium Thiocyanate. — The crystals of Mg(CNS)2.4H20 are 
very soluble in alcohol and water. To prepare them a solution of mag- 
nesia in thiocyanic acid is evaporated over sulphuric acid.^ 

Magnesium Carbonate.- If a solution containing magnesium sul- 
phate and sodium bicarbonate is supersaturated with carbon dioxide 
and heated so that the gas can only escape slowly, microscopic rhombo- 
hedra of MgCOg separate. ^ Similar colourless transparent crystals occur 
naturally as magnesite, which also occurs amorphous in compact masses. 
The naturally occurring crystals, which are often yellow, grey, or 
brown, are isomorphous with calcite, have a density of 3 0- 3-1 and a 
hardness of 3-5-4*5. If a solution of magnesium carbonate in carbonic 
acid is evaporated to dryness at atmospheric })ressure, the small residual 
crystals are isomorphous with orthorhombic aragonite ^ magnesium 
carbonate is thus isodimorphous with (!aleium carbonate. Rhombo- 
hcdral magnesite is also prepared by heating precipitated magnesium 
carbonate with water and solid carbon dioxide at 185"^ C. at a })rcssure 
of 20-30 atmospheres.^ 

Many mountain chains consist largely of dolomite, a double carbonate 
of magnesium and calcium, which is widely distributed, similar in form 
to magnesite, with a density of 2*85 and a hardness of 3-5- 4. Dissolved 
magnesium carbonate occurs in natural waters containing carbon 
dioxide — including sea-water.'^ It is ])reparcd amorphous by precipi- 
tating magnesium sulphate with sodium carbonate and caknniiig,® by 
decomposing calcium carbonate with magnesium chloride, or by heating 
sodium carbonate and magnesium sulphate from 160°-175° C. in sealed 
tubes. 

A litre of water at C. dissolves 0-970 grin. MgCO.^ when pure, 
26*5 grm. when charged with carbon dioxide at I atmosphere, and 50-6 
grm. when charged with carbon dioxide at 6 atmospheres.® The solu- 
bility diminishes as the temperature rises — becoming nil at lOO"^ C. 
under a pressure of 765 mm.® Acewding to Treadwell and Reuter, 
magnesium hydrogen carbonate is only stable when free carbonic acid 
is present, and at 15° C. and 760 mm. a solution in which the j)artial 
pressure of carbon dioxide is 0 contains 0-7156 grm. MgCOy j)er litre. 
In solutions of magnesium carbonate in carbonated water some mag- 
nesium carbonate remains dissolved even after prolonged boiling, and 
deposition appears to proceed slowly. 

The solubility of magnesium carbonate in carbonated water is in- 
creased by various salts — including cold alkaline borates. 

Magnesium carbonate has an alkaline reaction, is rapidly decomposed 
by acids, and dissociates into MgO and COg when heated. At 825° C. 

^ Moitzendori!, Pogg. Annalen, 1842, 56 , 71. 

® S 6 narmont, Ann, Chim. Phya., 1851, [3], 32 , 148. 

* Rose, Pogg, Annalen, 1837, 42 , 366. 

* Marc and Simek, Zeitsch, anorg, Chern,, 1913, 82 , 17. 

® Jacobsen, Annalen, 1876, 167 , 29. 

* Jaoquelain, Ann. Chim, Phya., 1851, [3], 32 , 196 ; Bineau, ibid., 1857, [3], 51 , 299. 

’ Moissan, Traiti de Chimie Minerale, 1904, iii, 954. 

* Engel, Ann. Chim. Phya., 1888, [ 6 ], 13 , 344. 

* Engel and Ville, Compt. rend., 1881, 93 , 340 ; Engel, ibid., 1885, 100 , 352. 

Treadwell and l^uter, Zeitach. anorg. Ghem., 1898^, 17 , 170. 

Rinne, Chem. Zeit, 1907, 31 , 125. 

** Hunt, Amer. J. Sci., 1866, [2], 42 , 49 ; Engel, Compt. rend., 1885, 100 , 362 ; Cameron 
and Seidell, J, Physical Chem., 1903, 7 , 578. 

Wittstein, Arch. Pharm., 1876, [3], 6 , 40. 
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the pressure of the dissociation products is 1 atmosphere,^ and COg is 
apparently retained on heating to redness.^ Magnesite is more resistant 
than the artificial carbonate to acids and heat. 

KHC03.MgC03.4'Il40, when carefully heated up to 150'' or 200' C., 
leaves a transj)arent residue of crystals with the original form. Water 
dissolves out potassium carbonate and leaves crystalline anhydrous 
magnesium carbonate.® Magnesium carbonate is obtained anhydrous 
and dry by heating the double carbonate of ammonium and magnesium. 
This carbonate is very unlike the natural mineral and Senarmont’s ^ 
artificial magnesite. It retains the crystalline form of the original car- 
bonate, abstracts water from the air as vigorously as lime, absorbs 
ammonia gas, and sets like plaster in contact with a little water. A litre 
of water dissolves about 2 grm. of this carbonate, though it only dissolves 
about 1 grm. in the hydrated condition. When sus])ended in water 
the anhydrous carbonate is gradually transforrticd into the crystalline 
trihydrate.^ 

MgC03.3H20 is produced by the action of sodium or potassium 
bicarbonate on magnesium sulphate solutions at ordinary tempera- 
tures ; ® by deposition at 60 ° C. from a solution of magnesium carbonate 
or hydroxide in carbonic acid ; ^ by the addition of alcohol to the solution 
of magnesium bicarbonate,® or by exposing the latter to air ; ® by leaving 
the j)recipitate in contact with the liquid when sodium carbonate pre- 
ci])itates a magnesium salt ; by ])recipitating magnesium sulphate with 
ammonium carbonate ; and by warming the pentahydrate with water.^® 

It is Oocculent when first precipitated by alcohol, but soon b(^comes 
crystalline, 1® and its habit of crystallising in rhombic needles may identify 
it with nesquehonite^^^ which has the same composition. The finely 
divided salt effloresces in air, and its density at 18° C. is l*8()8.i® It 
becomes the monohydrate at 100° C., whi(*h also separates from solutions 
of magnesium bicarbonate at a fairly high temperature.’® The tri- 
hydrate loses its third molecule of water, with partial deeom|)osition, 
at much higher temperatures. 

Its constitution may be OII.MgCO3H.2H2O, and its decomposition by 
boiling water may be represented by 

0H.MgC03lI.2H20=:2H20+0H.MgC03H 

and 

OILMgCOaH+H^P- Mg(OH + 

^ Brill, ZeAtsch, anorg. Chem.y 1905, 45, 275. Moisture seems to accelerate dissociation 
(Marc and Simek, Zeitsch. anorg. Ghem.^ 1913, 82, 17). 

® Marchand and Scheerer, J. prakt. CJiem., 1850, [IJ, 50, 585. 

® Engel, Compt. rend., 1885, loi, 814. 

* 86narmont, Ann. Chim. Phys., 1851, [3], 32, 148. 

Engel, Compt. rend., 1899, 129, 598. 

® Boussingoult, Ann. Chim. Phys., 182.5, 29, 285 ; Favre, Ann. Chim. Phys., 1844, [3], 
10, 474 ; Knorre, Zeitsch. anorg. Chem., 1903, 34,'260. See also KHCO3.MgCO3.4H2O. 

^ Monhaupt, Chem, Zeit., 1904, 868 ; Davis, J. Soc. Chem. Ind., 1906, 25, 788. 

® Monhaupt, loc. ciL 

• Knorre, loc. cit. 

Knorre, he. cit. See Jacquelain, Ann. Chim. Phys., 1851, [3], 32, 195. 

** Fichter and Osterwalder, Zeitsch. anal. Chem., 1915, 55, 389. 

Knorre, he. cit. ; Cesaro, Bull. Acxtd. roy. Bely., 1910, 37, 151. 

Monhaupt, Chem. Zeit., 1904, 868. 

Cesaro, BuU. Acad. roy. Belg., 1910, 37, 151. 

Knorre, he. cit., 1903, 34, 260. 

1® Davis, J. Soc. Chem. /nd., 1906, 25, 788. 

VOL. ni. : II. 6 
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. Crystallised has apparently no definite solubility in 

water, and over a wide ranine of temperature its reaction with water 
aj)])roxi mates to 

5Mg(:03 + 2lip.^Mrr(0Il)2.3MprC03+M^r(Il^^^^ 

Natural neftquehonite has a hardness of 2-5 and a density of 1*84. 

At lower temperatures than about 15° C. the i)enia}iydraie separates 
instead of th(‘ triiiydrate.^’ The erystals de])osited from solutions 
of ma^mesia in earbonie aeid are inonoelinie, usually hexagonal prisms, 
and ar(‘ praetieally ich'ulieal with landsfordife, though Dana assigned to 
this t}u‘ eom])osiiion 4Mg0.3C02.22H20.’'» Tliey arc said to be soluble 
in 2()7 })arts of eold wat(T, and in solution they apparently, especially on 
warming, transform into the trihydrate. ^ 

Aeeording to Leitmeier,^ when hydratx^d magnesium earbonates 
de])osit from tlu' water of the mineral springs at Rohitsch, the penta- 
hydrate does not form above (C C., and it loses water in the air at 20° C. 

Natural landsforditr has a hardness of 2-5 and a density of 1-5-1 -7. 

Various otiier hydrates, including a ddhydraic,^ a ietrahydrate,^ and 
others,^* have been re[)orted, but are doubtful. 

Basic Carbonates of Magnesium. When MgCOg is heated, basic 
earbonates result from a progressive loss of COg.^® 

Ma^jiesia alba is eommercially prepared as a white j)Ovvder by 
])reeipitati ng magnesium sul})hate or ehloridtj with sodium carbonate. 
Magnesia alba levis results from f)reeij)itation in the eold, and magnesia 
alba ])onderosa from precipitation in the lieat. Both the light, bulky 
form and the lic^avier variety are used as laxatives in medicine, in 
dentistry, and for toilet purposes. They ignite respectively to the 
liglit and heavy oxides of magn<‘sium. The light ear})onate, “ when 
examined under tlu‘ mi(Toseope, is found to consist of amorphous par- 
ticles with numerous slender prisms intermixed.” 

Various otlier processes have been ])atented or })roposed for pre})aring 
magnesia alba. Pattinson earcfully ignited dolomite, dissolved out the 
magnesium carbonate by carbon dioxide under 5-G atmospheres j)ressure, 
and, after separating calcium carbonate, injected steam. Magnesia has 
been agitated with alkaline bicarbonate,^^ and magnesium hydroxide, 
preci])itated by milk of lime from the “bittern ” obtained by extracting 
salt from sea- water, has been dissolved in carbonic acid, heated rapidly 
to 70° C., and then slowly to the boiling-point.^^ 

Magnesia alba is only slightly soluble in water (the solution has an 
alkaline reaction), but is soluble in acids and in solutions of ammonium 
salts. 

^ Seyler and Lloyd, Tram. Che/m. Soc., 1917, ill, 994. 

2 Fritsche, Pogg. Antialen, 18116, 37 , 306; Engel, Cow/pt. rend., 1885, 100 , 911. 

® Kiiorre, Zeitach. anorg. Chem., 1SK)3, 34 , 260. 

^ Auerbach, ZtiUcli. Elektrochem.^ 1904, 10 , 161. 

(-esaro, Bull. Acud. roy. BeUj., 1910, 37 , 151. 

® Lcitmcicr, Zeitsch. Kryst. Min., 1909, 47 , 104. 

^ Engel, Compt. rend., 1885, 100 , 911. 

** Damour, ibid., 1857, 44 , 561 ; Marignac, Jahresber., 1855, 344. 

® Kippenborger, Zeitsch. anorg. Chem., 1894, 6 , 177. 

Brill, ibid., 1905, 45 , 275. 

British Pharmacopoeia, 1914. 

“ Pattinson, Dingl. poly. J., 1873, 209 , 467. 

German Patent, 13762 (October 1886). 

Gutzkow, Dingl. poly. J., 1888, 270 , 30. 
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Its composition is usually said to approximate to that of hydro- 
magnesite, M^(0II)2.3M]L>:C0jj. 3H20,^ hut analyses of its c()mf)osition 
were never very consistent, and it seems quite certain that its com- 
position is very variable.^’ ^ 

The product of the decomposition of M^COg.SlIgO by water has been 
said to approximate to the composition usually ascribed to mai^nesia 
alba.^ The precipitation of basic carbonates by sodium carbonate 
from magnesium salts has, following Hose, been usually ascribed to 
hydrolytic dccom])osition of the normal carbonate, but Davis suggests 
that the numerous basic carbonates of magnesium, as they have been 
described, are varying mixtures of different substaiures. Some of them 
may be solid solutions of MgO and MgCO.j.^ 

The naturally occurring hydro magnesite, 8MgC02.Mg(0H)2.3H20, 
crystallises in the inonoclinic system with a hardness of 8-5 and a density 
of 2-15. Hydrogioherite, (Mg. 0 II) 2 C 03 . 2 M 20 , occurs in light grey com- 
pact masses of density 210. 

Magnesium Hydrogen Carbonate.® — When magnesium ear- 
lx)natc dissolves in water containing carbon dioxide, the reaction 

MgC’O^ f H^O+C O^ -Mg(IIC 03)2 

presumably occurs.® To obtain a ])ure solution, magnesia alba can be 
dissolved in carbonatcal water and magnesium carbonate })reci[)itated 
by boiling. The preci])itate, thus freed from sodium carbonate, is re- 
dissolved in carbonated water, and the process, if necessary, repeated.^ 
Carbon dioxide can also be passed through distilh^d water containing 
pure magnesia in suspension.® 

Double Carbonates of Magnesium.- Knorre^ obtained octa- 
hedral crystals of N a^CO^^MgCO,^, belonging to the tetragonal system, 
by digesting precipitated jnagnesium carbonate with excess of sodium 
bicarbonate solution. The crystals arc isometric and doubly refractive. 
De Schulten obtained Hat rhombohedra, with a density of 2-729 at 
15° C., by h(iating mixed solutions of magnesium nitrate and sodium 
carbonate in a closed flask at 100° C. NugCOg is said to precipitate 
Na2C03.MgC03.15ll20 from magnesium suI])hat(^ solution at tempera- 
tures below 10° Knorre could not confirm Devillc’s quartz-like 

crystals obtained by digesting magnesia alba with sodium bicarbonate 
at 60°~-70° C. 

K 2 CO.^,MgCO^AHji) is produced in rhombic prisms by digesting 
MgCOg.SHgO with potassium bicarbonate solution, or by the action 
of excess of concentrated ])otassium carbonate solution on a solu- 
tion of magnesium chloride. Cold water slowly decomposes it into 
MgCOg.SHgO, and hot water into magnesia alba.^® 

^ The composition of the light magnesia alba used in the rubber industry is said to 
approximate to llMgC03.3Mg(0H),,UH2() (Greider, J. Ind. Ewj. Chem., 1922, 14, 386). 

2 Anderson, Tram. Chem. Hoc., 1905, 87, 257. 

« Davis, J. 80 c. Chem. Ind., 1906, 25, 788. 

Seyler and Lloyd, Trans. Chem. Soc., 1917, iii, 994. 

* See also Carbonates and Basic Carbonates of Magnesium. 

® Bodlander, Zeitsch. physikal. Chem., 1900, 35, 23. 

’ Davis, loc. cit. “ Rhine, Chem. Zeit., 1907, 31, 125. 

® Knorre, Zeitsch. anorg. Chem,, 1903, 34, 260. 

de Schulten, Compt. rend., 1896, 122, 1427. 

Norgaard, see Moissan, Traite de Ghimie MinkaU, 1904, iii, 981. 

Deville, Ann. Chim. Phys., 1851, [3J, 33, 75. 

Knorre, loc. cit. See Bonsdorf, Ann. Chim, Phys,, 1822, [2], 20, 12; Deville, loc. cit. 
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' K1IC()^.MgCO.^AH^() separates from tlie reaction 

3(M^TC03.3I^20) I 2ia:i + C02= 

in tridinic crystals,^ which have a density of l-OSI* ^ and do not alter in 
air.^ Potassium carbonate is obtained from the double salt by extract- 
ing with water after ignition or under pressure at 140° C.^ 

It was first prepared by the reaction 

MgCl2+3KHC03+:3H20-KHC03.MgC03.4H20+2KCl + C02. 

The double salt crystallises out slowly ^ in snow-white crystals.^ 
MgCOg.SHgO precipitates sometimes in this reaction ^ and at other times 
succeeds the (louble salt.^ The pro})ortionatc (‘concentrations of KHCO3 
and MgClg determine precipitation. The reversible reaction 

KHC03.MgC03.4H20^;=^MgC03.3ll20 + KlIC 03 +Il 20 

is related to these observations, and indicates that the doubles salt can 
be prepared by acting with potassium bicar})onate on MgCOg.SHgO 
suspended in water. 

Efflorescent crystals oi' RhlJ CO ^.MgCO.^ Ail were obtained by warm- 
ing a solution of rubidium bicarbonate with magnesium carbonate in a 
current of carbon dioxide at 60° C.** 

{N H ^) 2 CO,^,MgCO.^An 2 O was obtained in rectangular prisms by the 
action of ammonium ear])onatc on magnesia or magnesium carbonate 
suspended in water.® Deville obtained unstable (NH^)HC0.^3IgC0^, 
by acting on magnesium salts with a large excess of ammonium 
bicarbonate, and at a low temperature unstable 2(NH4HC03.MgC0)3. 
llligO.^® The former ]os(*s ammonia, water, and carbon dioxide in the 
air, and is decomposed by watcT with the formation of MgC03.3H20.^^ 
Engel only obtained (NH4)2('03.MgC()3.4ll20 by saturating a mixture 
of ammonium and magnesium biearbonates with ctarbon dioxide in the 
absence of air.^^ {^NII^) 2 CO^,MgCO.;^XyHfi precipitates from a mag- 
nesium salt and normal ammonium carbonate when the solution con- 
tains half its volume of alcohol. 

Dolomite,^^ MgC03.CaC03,^® is widely distributed in nature. 

One thousand parts of water at 18° C., (diarged with carbon dioxide 
at 750 rnm., dissolve 0-310 parts of normal dolomite, but the solubility 
in carbonated water varies with the condition of the mineral.^® Strong 
acids dissolve it, and its resistance to attack by dilute acids seems to 

^ Kittel, Jakresber.t 1857, 150. 

® Knom;, Zeitsch. anorg. Chem.t 1903, 34, 260. 

® Engel, Ann, Chim. Phyfi.^ 1886, [6J, 7, 260. 

* See Mg(X)3.3H20. 

® Berzelius, Ann. Chim, Phys., 1820, [2], 14, 370. 

« Nanty, Compt. rend., 1910, 152, 605. 

’ Auerbach, Zeitsch. Elektrochem., 1904, 10, 161 ; Buchner, ibid., 1908, 14, 63. 

® Erdmann and Koethner, Annalen, 1896, 294, 73. 

® Favre, Ann. Chim, Phyn., 1844, [3], 10, 474. See Schaflgotsch, Pogg. Annalen, 1858, 
104, 482. 

Deville, Ann. Chim, Phys., 1852, [3], 35, 454. 

Knorre, Zeitsch. aiwry. Chem., 1903, 34, 260. 

Engel, Compt. rend., 1899, 129, 598. 

Gooch and Eddy, Zeitsch. anorg. Chem., 1908, 58, 427. 

See Magnesium Carbonate. 

For some analyses, see Jahresber., 1849, 813 ; Knight, Chem. News, 1914, 109, 193 ; 
Kothrock and Shumaker, ibid., 1920, 120, 29. 

M CoBsa, Jahresber., 1869, 1242, 1267 ; Gorup-Besanez, ibid., 1871, 1214. 
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increase with its iron content.^ When heated to 400® C. and treated 
with water it acts like a cement, ^ though the loss of carbon dioxide is 
said to begin at 500® C.^ 

Artificial dolomite has been prepared by the action of magnesium 
chloride and sodium carbonate solutions on calcium carbonate (vaterite) 
at 180®-200® C. in carbon dioxide at 50 atmospheres,^ and by many other 
methods.® 

Northupite, Na2GO3.MgGO3.NaGl, occurs naturally, crystallised 
in the isometric system, in colourless, white, or brown crystals, with a 
hardness of 3-5-4 and a density of 2-38. 

It has been prepared artificially by heating sodium chloride, sodium 
carbonate, magnesium chloride, and water in a closed llask for eight 
hours at 100® C. The octahedral crystals had a density of 2-377 at 
15® C. ; cold water decomposed them, and they melted with decom- 
position at a red heat.® 

Magnesium Thiocarbonate, MgGSg. —llcrzelius mixed solutions 
of magnesium sul])hate and barium thiocarbonate. The evaporated 
solution left an amorphous, pale yellow mass that was partly decom- 
posed by boiling water into magnesium carbonate.^ 

Yellow acpieous solutions result when magnesium hydroxide is 
shaken with w^ater and carbon disulphide,® or magnesium is immersed 
partly in carbon disulphide and partly in water.® 

MAGNESIUM AND SILICON. 

Magnesium Silicide.^® — Crude silicides are obtained by heating 
magnesium strongly with silica or silicates. Silicon and magnesium 
unite directly when they are heated in a current of hydrogen,^^ and their 
freezing-point curve indicates the compound MggSi.^® 

MggSi is left as brilliant slate-blue octahedra when magnesium is 
dissolved away from an alloy containing 25 })er cent, of silicon by ethyl 
iodide and ether. The alloy is prepared by heating together fragments 
of magnesium, magnesium filings, and potassium silicofluoride. Other 
alloys of silicon and magnesium also contain crystals of the silicide.^^ 

It slowly decomposes water at ordinary temperatures — <;volving 
hydrogen. Cold hydrochloric acid attacks it violently with the evolu- 
tion of hydrogen and spontaneously inflammable silicon hydride. 
Concentrated sulphuric or nitric acid attacks it slowly ; the dilute acid 

^ Gaubert, Compt. rend., 1914, 159, 486. 

* Deville, Jahresber., 1865, 798; Grace -Calvert, ibid., 1865, 798-799. 

® Griinberg, Zeitsch, anorg. Chem., 1913, 80, 337 ; Kallauner, Chem. Zeit., 1913, 37, 
1317. 

* Spangenberg, Zeitsch. Kryat. Min., 1913, 52, 529. 

® See Morlot, Pogg. Annalen, 1848, 74, 591 ; Pfatt, Jahrb. Miner., 1907, Bcil.<Bd., 
23, 529 ; Centr. Min., 1903, 659; Linck, J. Chem. Soc., 1911, 100, Abs. ii, 294. 

® de Schulten, Compt. rend., 1896, 122, 1427. 

’ Berzelius, Traite de Chimie, 1831. 

® Walker, Chem. News, 1874, 30, 28. 

* Taylor, ibid., 1882, 45, 125. 

Vigouroux {Ann. Chim. Phys., 1897, [7], 12, 171) has given a short history of 
magnesium silicide up to 1897. 

Phipson, Proc. Roy. Soc., 1864, 13, 217 ; Gattermann, Ber., 1889, 22, 186 ; Besson, 
Compt. rend., 1912, 154, 116. 

« Winkler, Ber., 1890, 23, 2642. 

Vogel, Zeitsch. anorg. Chem., 1909, 61, 46. 

Lebeau and Bossuet, Compt. rend., 1908, X46, 282. 
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acts more rapidly.^ It dissociates completely at 1100 ‘^-1200® C. in 
vacuo or in hydrogen. It precipitat(\s many heavy metals from their 
salts, and even deconij)oses solutions of elilorides of the alkalies.® 

Magnesium Silicates. The heating eurve of magnesia and pre- 
cipitated silica shows no arrest between 500° C. and 1 450° C.^ Kbelrnen ® 
obtained Mg2Si04 and MgSi0.j by heating magnesia and boric acid 
with a])})ro})riate proportions of silica. Th(‘ artificial crystals of the 
former were identical with from Vesuvius, and the latter was ob- 
tained both as asbestos-like fibres and as rhoTubic crystals of enstatite, 
Enstatite has also been pre])ared by heating silica with magnesium 
chlorides, and, together with crystals of the orthosilicate, Mg2Si04 
(olivine), by heating silica with magn(*sia and magnesium chloride.® 
hmstatite and olivine, structurally similar to the meteoric varieties, 
were obtained togetluT by heating to redness magnesium, steam, and 
silicon chloride.'^ 

Alkaline silicates precipitate gelatinous mfignesium silicate from 
magnesium salts ; the })reei])itate is a.]>parently Mg().2Si02.2H20.® 

The natural magnesium silicates have an alkaline reaction.® The 
orthosilicate, (Mg,Fe)2Si()4, occurs as olivine or peridotite in rhombic 
crystals or compact masses. Its hardness is 0-7 and its density 8- 1-3-5. 
Forsterite, Mg2Si04, has a hardness of 0-7 and a density of about 3-24. 
The metasilicate, MgSiO.^, occurs as enstatite in fibrous or lamellated 
masses with a d(‘nsity of 3-19 and a hardness of 5-5. Talc and steatite, 
Mg3H2(Si03)4, are an acid salt of metasilicic acid. When pure they are 
white, unctuous powders : steatite being less distinctly crystalline than 
talc. They are used for ])olishing and other j)urj)oses. Serpentine can 
be represented as a basic orthosilicate, Mg2(MgH0)H3(Si04)2. The 
serpentines vary in colour - green or red (due to iron ) f)redominating. 
The natural mass€^s of serpentine are imicli sought after for making 
ornaments. Meerschaum, 2MgO.3SiO2.2l I gO, ocemrs in compact masses 
which are white or grey. Its density is 0*99-1 •2<S and its hardness is 
2-2*5. Tobacco-pipes, cigarette-holders, etc., are made from it.^® 

MAGNESIUM AND BORON. 

Magnesium Boride. — Dark, impure magnesium borides were 
obtained by heating boron trioxidc and magnesium in appropriate pro- 
portions,^^ or with the oxide in excess,^® by heating magnesium in boron 
trichloride vapour, and by heating magnesium and boron in a current 
of hydrogen or alone. Hydrochloric and nitric acids liberated impure 
boron hydride from them. 

According to Winkler,^® Mg9B2 was produced when magnesium was 

1 V^ogcl, Zeitsch. anorg. Chem., 1909, 61 , 46. 

® Lebeau and Bosauct, Compt. rend., 1908, 146 , 282. 

* Winkler, Ber., 1890, 23 , 2642. * Hedvall, Zeitsch. amrg. Chem., 1916, 98 , 69. 

® Ebelmen, Ann. Chim. Phys., 1861, [3], 33 , 66 . 

® Hautefeuille, ibid., 1866, [4], 4 , 175. 

^ Meunier, Compt. rend., 1881, 93 , 737, 

8 Heldt, J. prakt. Chem., 1866, [ 1 ], 94 , 167. 

» Pichard, Compt. rend., 1878, 87 , 797. 

Jakob {Helv. Chim. Acta, 1920, 3 , 669) has indicated structural formulae for the 
natural silicates of magnesium. 

Jones, Trans. Chem. Soc., 1879, 35 , 41. 

Moissan, Compt. rend., 1892, 114 , 392. 

18 Jones and Taylor, Trans. Chem. Soc., 1881, 39 , 213. 

1 * Moissan, loc. cit., 619. 1 ® Winkler, Ber., 1890, 23 , 772. 



MAGNESIUM AND ITS COMPOUNDS. 87 

heated with boron trioxide in liydrotjeii, and "when magnesium 

and borax were heated together. Moissan ^ distinguished an unstable 
boride, decomj)oscd by water, (rom a stable form that resisted the 
action of water, hydrochloric acid, and nitric* acid. He obtained the 
latter in crystalline form by heating Jiiagnesium with excess of boron 
trioxide. 

According to Hdy,^ only MggHg is produec'd at a red heat and under 
normal pressure. It is produced l)y heatijig magnesium with atnorphoas 
boron, or by heating magnesium and boron trioxide in a current of 
hydrogen. It dissolves in dilute hydrochloric a(*id and decomposes 
when heated. 

Magnesium Borates. Only two borates can be prej^ared by heat- 
ing magnesia with boron trioxide.^ The orthoborate. Mg., (1503)2, is 
obtained by heating boric anhydride strongly with boron trioxide with 
or without ])otassium hydrogem lluoridt*. The crystals are Jiaereous, 
difhcultly fusible, with a density of 2-9S7 at 21" C'., or transparent |)risms. 
Boiling water and dilute acetic acid do not dissolve them, but they are 
soluble in mineral acids. Magnesium 'j^yroborate, 2Mg0.B203, resiilts 
with a larger excess of boron trioxide.^ 

Rammelsberg ^ prej)ared the hydrated orthoborate, JigOy.iiMgO. 
OHgO, and, by crystallising from a liltcnul solution of magnesium 
hydroxide in excess of boric acid solution, the com})ound MgO.aBgOa. 
SHgO. Th(‘ heptahydnitc has been obtaiiu'd similarly to the octa- 
hydrate. The hydrated nietabowte, MgO.BgOg.SllgO, separates as a 
white amorphous precipitate on warming mixed solutions of magnesium 
chloride and borax. Small crystals of SMgO.^BgO;,.! III2H were* obtained 
from the filtrate. Fine needles of MgO.B./la.JlHgfX corresponding to the 
mineral pinnoite, arc obtained by heating the oetahydratc* with a warm 
concentrated solution of magnesiujn chloride. When a solution of mag- 
nesium oxide in boric acid is concentrated and k(‘})t stirred at 100 U. 
after the addition of a solution containing })otassium hydroxich' and 
boric acid, KMggB^iOjjj.OllgO linally separates. It corresponds to the 
mineral kaliborite,^ 

Boracite, 2Mg3B80j5.MgCl2, results from heating a mixture of mag- 
nesium borate, boric acid, magnesium chloride, and s(Klium chloride, or 
from heating 1 part of sodium borate with 2 parts of magnesium chloride 
and a little water in sealed tubes at 275° 280° C. The cubic crystals of 
artificial boracite have a density of 2-89 : the density of the mineral is 
about 2*9. Boracite, pinnoite, and kaliborite occur in the Stassfurt 
deposits.’ 

Pinnoite crystallises in the tetragonal system with a hardiness of 
3-4< and a density of 3-3. 

^ Moissan, he. cit. 

* Ray, Trans. Chem. Soc., 1914, 105 , 21f)2. 

* Guertler, Zeitsch. anorg. Ohem., 1904, 40 , 230. See Heinz and Richter, Pogg. 
AnnaleUf 1860, no, 613; Le Roux, (Jompt. revd., 1867, 64 , 126; Ditte, ibid., 1873, 
77» 785, 893 ; 1875, 80 , 490, 561. 

* Ebelmen, Ann. Chim. Phys., 1851, |3], 33 , 50; Le Chatelier, CompL rend., 1891, 
I 13 , 1034; Ouvrard, ibid., 1901, 132 , 257; Guertler, Zeitsch. amrg. Chem., 1904, 
40 , 236. 

® Rammelsberg, Pogg. Annakn, 1840, 49 , 451. 

® van ’t Hoff and Bruni, ^itzungsber. K. Akad. Wiss. Berlin, 1902, 805 ; van ’t Hoff, 
ibid., 1008. 

^ de Gramont, Gompt. rend., 1890, in, 43. 
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MAGNESIUM AND ALUMINIUM. 

Magnesium Aluminate, MgO.AlgOg,- Natural spinel crystals 
belong to the cubic system, have a density of 3-60-3-63 and a hardness 
of 8. Colourless, octahedral cr3^stals of spinel arc easily prepared by 
heating alumina and magnesia for a fcAV minutes in an electric furnace. 
Their density at 15^^ C. is 3-57, and they are very resistant to ordinary 
chemical reagents.^ 

Ebelmen obtained rose-coloured cr\^stals by heating a mixture of 
alumina, magnesia, potassium chromate, and boric acid. He obtained 
other colours by adding suitable oxides.^ 

DETECTION AND ESTIMATION. 

Detection. — The solutions used for estimating or detecting mag- 
nesium should contain no cations other than the alkali metals. Since 
the chloride of magnesium is soluble, since its sulphide ^ does not pre- 
cipitate in either acid or alkaline solution, and sinc(^ ncitlier its hydroxide ^ 
nor its carbonate ^ is ])reei])itated b^^ ammonia in the presence of 
ammonium salts, it is most usual to detect and estimate magnesium 
through its precipitation as Mg(NIl4)P04® by sodium phos{)hate (or 
another soluble phosphate) in the presence of ammonia and ammonium 
chloride. The estimation is usually com])leted by ignition to the j)yro- 
])hosphate,'^ though the original precipitate is sometimes titrated 
according to the equation 

Mg(NH 4 )P 04 4 2HCl-MgCl2 f (NH 4 )H 2 P 04 . 

An excess of decinormal acid is added and the residual acid titrated, 
using methyl orange as indicator, with decinormal alkali. Winkler ® 
suggests weighing the original precipitate (as Mg(NIl4)P04.6H20) after 
drying over calcium chloride, and Jones ^ after drying in air on a tarred 
filter ])a})er. The precipitate has also been dissolved in a known 
quantity of sulphuric acid and determined by the Zeiss rcfractometer.^® 
A itiieroehcmical test dejiends on the precipitation of magnesium 
ammonium phosphate ^as shining prisms united into rosettes. 

A precipitate of pure (hydrated) Mg(NH4)P04 can only be obtained 
by careful attention to conditions. Some Mg[(NH4)2(P04)]2 probably 
contaminates it when a magnesium salt is precipitated with excess 
of phosphate solution in the presence of ammonia and ammonium 
chloride. Some magnesium metaphosphate, Mg(P03)2, is then 


1 Dufaii, Bull. Soc. chim., 1901, [iii], 25, 669. 

® Ebelmen, Ann. Chim. Phys., 1851, [3], 23, 36. 

® See Magnesium vSulphide. 

^ See Magnesium Hydroxide. 

® See Magnesium Carbonates. 

® For proi)erties, see Ammonium Magnesium Phosphate. 

’ See Magnesium Pyrophosphate. 

* Winkler, Zeitsch. angtw. Chem., 1918, 31, 211. 

® Jones, J. Biol. Chem., 1916, 25, 87. 

1® Wagner and Schultze, Zeitsch. anal. Chem., 1907, 46, 601. 
Kunz-Krause, Ber., 1920, 53, [B], 1672. 

Balareif, Zeitsch, anorg. Chem., 1918, 103, 73. 

Gooch and Austin, ibid., 1899, 20, 121. 

Nebauer, ibid., 1892, 2, 45. 
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formed on ignition as well as Mg2P207, and the result is too high. The 
metaphosphate in the calcined precipitate is indicated by its insolu- 
bility in hydrochloric acid.^ It may be formed by the reaction 

Mg[(Nnj2(P0,)|2-Mg(P03)2f4NIl3+2H20,2 
or as a consequence of the reaction 

Mgf(NH,),(PO,)],=.Mg(Nll,)PO,+(Nll4)3PO,. 

The dissociation of the ammonium phosphate results partly in the loss 
of P2O5, which can be usually observed,^ and partly in metaphosphate 
by reaction between the escaj)ing P2O5 and Mg2P207.^ Excess of 
ammonium salts favours the formation of MlH (NIL)2.(P04)]« and 
alkalinity of Mg3(P04)2.^ 

Estimation. — The precipitation of ammonium magnesium phos- 
phate has been a})plied volu metrically by precipitating with a known 
quantity of j)hosphate and estimating the excess.'' Stolba’s method ot 
titrating the precipitate with acid is more generally used.® The pre- 
cipitate can be prepared for titration by washing away the ammonia 
with alcohol, which has been criticised as tedious,^ by washing with 
alcohol and ether,® or by drying off the ammonia on filter paper exposed 
to air at ordinary temperatures or at 50 °~ 60 ^' C.® Bruckmiller sucks 
the precipitate dry on the filter, washes with alcohol and then with 
hot wat(*r itito the })reeipitation beaker. A known (‘xec'ss of decinormal 
acid is added and titrated back, using methyl orange as indicator, with 
decinormal alkali. This method has been applied to the estimation of 
small quantities of magnesium —using methyl red as indieator.^^ 

Brandis ® has suggested the determination of the ammonia in the 
precipitate by alkaline hypobromite : the process resolves into a titra- 
tion of iodine by thiosulphate. 

The corresi)onding double arsenate of magnesium and ammonium, 
Mg(NH4)As04.6Il20, is also employed for estimating magnesium. It is 
precipitated by adding ammonium arsenate to a distinctly ammoniacal 
solution of the magnesium salt. Cooling by a freezing mixture or adding 
alcohol hastens precipitation. The precipitate is treated similarly to 
the double phosphate and ignited to the pyroarsenate.^^ 

The double arsenate is liable to contamination very similarly to the 
double phosphate and to reduction on ignition. 

A volumetric method has been applied to this ])rccipitate by dis- 
solving it in hydrochloric acid, adding potassium iodide, and titrating 
the liberated iodine. For this purpose an ammoniated solution of a 
magnesium salt has been precipitated with sodium arsenate,’ and the 

^ Balareff, he. cit. ^ Gooch and Austin, he. eit. ^ Nebauer, he. eit. 

* Jarvinen, Zeitsch. anal. Chem., 1904, 43 , 279 ; Bruckmiller, J. Ainer. Chem. 80 c., 
1917, 39 , 610. 

* Rafla, Gazzetht 1908, 38 , 556 ; Repiton, Chmi. Zentr., 1908, i, 1329. 

* Stolba, Chem. Zentr., 1876, 727. 

’ Meade, J. Amer. Chem. Soe., 1899, 21 , 146. 

® Brandis, Zeitseh. anal. Chem., 1910, 49 , 152. 

® Handy, J. Amer. Chem. 80 c., 1900, 22 , 31. 

Bruckmiller, he. eit. 

“ Hibbard, J. Ind. Eng. Chem., 1919, II, 753. 

Browning and Drushel, Amer. J. Sci., 1907, [iv], 23 , 293. See also under 
Ammonium Magnesium Arsenate. 

Raff a, Qazzetta, 1909, 39 , i, 154. 

Virgili, Zeitsch. anal. Chem., 1905, 44 , 492. 
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solution containing magnesium has been treated with potassium arsenate 
and then with ammonia,^ 

The titration should be done in strongly acid solution.^ This pre- 
cipitate can also be titrated acidi metrically, similarly to the double 
phos]>hate.*'* 

To secure a pure })reei|)iiate of ammonium magnesium ])hosphate 
the solution should he as fre^e as possible from ammonium salts and 
neutral ^ or just alkaline.^ The ])hos])hate should be added first and 
then strong ammonia in excess.® If any acid [)hos|)hate of magnesium 
is precipitated, the ammonia converts it into the double phosjihate. 

Gibbs ’ advised microcosmic salt as a preci]iitant : he precipitated 
from a boiling solution containing some ammonium chloride and added 
ammonia to the cooled li(piid. Jorgenson ® also advised hot precipita- 
tion. Schmitz® acidified tlu' solution containing magnesium salt and 
phosphate with hydrochloric acid, heated to boiling, alkalinised with 
ammonia, cooled, and added one-lifth volume of concentrated ammonia. 
Slightly ammoriiacal diammonium phosphate has also been recom- 
mended as a prcci|)itant.^® Raffa^* added the magnesium solution 
rapidly to an excess of clisodium ammonium phosphate. 

Accurate? results arc obtained by settling the original precipitate, 
decanting, dissolving in hydrochloric acid, and precijiitating with a 

slight excess of ammonia.^ ^ 

Precipitation is only complete after long standing unless tlic liquid 
is shaken continuously. The precipitate is washed with 2-5 per cent, 
ammonia and ignited to whiteness. It seems advisable, to avoid loss 
of P2O5, to ignite over a Hiinscn flame and not over a blast.’® Fresenius 
treated the ignited n'siduc with nitric acid, eva}iorated, and re-ignited to 
obtain a ])crfectly white pyrophosphate. This has been said to give 
low results.’® The precipitate should be kept free from organic matter 
and raised slowly in temperature during ignition to avoid a dark residue. 

Schaffgotsch preci})itated magnesium as the double carbonate of 
ammonium and magnesium, (NIl4)2C03.MgC03.4H20. Gooch and 
Eddy add to the solution of the magiicsium salt half its volume 
of absolute alcohol, precipitate with normal ammonium carbonate 
solution containing 50 per cent, of alcohol, wash the precipitate of 
(NH4)2C03.MgC03.6Tl20 with ammonium carbonate solution and ignite 
it to magnesium oxide. 

In the absence of alkali metals magnesium can be estimated in its 
salts of volatile acids by evaporation wdth concentrated sulphuric acid, 

1 Roseathalor, Zeitsch. anal. Vhem., 1907, 46 , 714. 

* Kolthoff, Pharm. Wcckblad., 1919, 56 , 1.322. 

* Bailley, J. Pharm. Chim., 1919, [viij, 20 , 5.5. 

* Nebauer, Zeitsch. anorg. Chem., 1893, 4, 251 ; Dumas, Chem. Eng.^ 1910, 12, 185. 

® Bruckmiller, J. Amer. Chem. Soc., 1917, 39 , 610. 

« Nebauer, Zeitsch. anorg. Chem., 1892, 2 , 45. Gibbs, Chem. News, 1873, 28 , 51. 

® Jorgenson, Zeitsch. anal. Chem., 1906, 45 , 273. See Magnesium Pyrophosphate. 

* Schmitz, ibid., 1906. 45 , 512 

Jarvinen, ibid., 1905, 44 , 333. See Magnesium Pyrophosphate. 

Haifa, Gazzetta, 1908, 38 , 556. 

Gooch and Austin, Zeitsch. anorg. Chem., 1899, 20 , 121. 

Handy, J. Amer. Chem. Soc., 1900, 22 , 31. See Magnesium Pyrophosphate. 

Balarefi, Zeitsch. anorg. Chem., 1916, 97 , 149 ; Karaoglanow and Dimitrow, Zeitsch, 
anal. Chem., 1918, 57 , 353. See Magnesium l^rophosphatc. 

Schaffgotsch, Pogg. Annalen, 1858, 104 , 482. 

Gooch and Eddy, Zeitsch. anorg. Chem., 1908, 58 , 427. 
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heating to redness, and weighing as MgS 04 .^ Neutral solutions of mag- 
nesium chloride can be treated with a slight excess of ammonium 
fluoride, evaporated to a syruj), finally ignitecl to MgF.^, and weighed. ^ 

The Scliaffgotseh nu'thod lias been used to separate magnesium from 
the alkali metals (though litliium must be absent). Magnesium chloride 
can be converted into oxid(.‘ by ignition with mercuric oxide. Mercuric 
chloride and the excess of mercuric oxide volatilise, and magnesium 
oxide remains. The o])crati()n should be repeated several times. ^ This 
reaction serves to separate magnesium from the alkali metals, and a 
separation can also be effected by precipitating magnesium hydroxide 
with an aqueous solution of dimcthylamine or a solution of guanidine.^ 
Barium hydroxide and calcium hydroxide are used for the same purpose. 

Nicolardot and Dandurand ^ consid(‘r that preei])itation as 
ammonium magnesium phosjfiiate is the most trustworthy method of 
estimating magnesium whcai alkali metals are present, though double 
phosphates of alkali and magnesium are liable to form in solutions con- 
taining alkali cations.^ 

Palkin ® dissolves out magnesium chloride from admixed ])otassiiim 
and sodium chlorides with alcohol and ether. 

Magnesium is liable to be occluded when calcium is j)reviously 
separated as oxalatx^. Methods of separating magnesium and calcium 
adequately are discussed under Calcium. 

Colorimetric Estimation. — An apj)roximate method for esti- 
mating small (piantities of magnesium depends upon separation as 
ammonium magnesium j)h()S])hate, followc^d by solution in hydro- 
chloric acid and additioii of rnolybdie acid in the presenct* of hydro- 
quinone or other reducing agents. The yellow colour is com])ared with 
the colour of a standard solution that has been similarly treated.’ 

^ Ma^»:ncsiuni sulphate is said to retain traces of suljihuric a(;icls at liigh temperatures 
(Bailey, Trans, Chem. Soc., 1887, 51, 676). 

2 Nicolardot and Dandurand, licp. il/ef., 1919, 16, 193. 

^ Kallauner, Chem, Zcil„ 1911, 35, IIG.'). 

* Herz and Drucker, Zeilsch, anarg. Chem., 1901, 26, 347. 

® Balarctf, ibid., 1918, 102, 241. 

® Palkin, J. A^ner. Chem. Hoe., 1920, 42, 1618. 

’ Briggs, ./. Biol. Chem., 1922, 52, 349; Hammett and Adams, ibid , 1922, 52, 211 ; 
Kramer and Tisdall, ibid., 1921, 48, 223 ; Bell and Doisy, ibid., 1920, 44, 55. 
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ZINC AND ITS COMPOUNDS. 

ZINC. 

Symbol, Zii. Atomic Weight, 65-38 (O---10). 

Occurrence. — Native zinc has been found in Australia, at Melbourne,^ 
but the uncombined metal occurs very rarely. The principal ore of the 
metal is the sulphide, ZnS, which occurs as zinc blende {sphalerite and 
wurtzite). 

Zinc also occurs as the oxide in zincite or red zinc ore, ZnO, as the 
normal carbonate calamine,'^ ZnCOg, or smithsonite^ which is also known 
as zinc spai\^ and as the basic carbonate hydrozincite. The oxysulphide, 
4 ZnS.ZnO, occurs as voltzite. 

Goslarite is hydrated zinc sulphate, ZnSO^.THaO, and the anhydrous 
salt, ZnSOj, occurs as zincosite. 

Other zinc minerals are : hopeite, Zn3(P04)2.4H20, some basic 
phosphates, including tarbuttitc, Zn3(P04)2.Zn{0H)2, and hibbenitCy 
2Zn3(P04)2.Zn(0Il)2.6|H20, kottigite^ Zn3(As04)2.8ll20, adamincy 
ZnHAs04,H20, calamine ^ or hemimorphite, often formulated as 
(Zn.0H)2Si03, rvillemitey 2Zn0.Si02, gahnite, ZnO.AlgO,. 

Zinc is associated with other metals in minerals, such as franklinitey 
(Fe,Zn,Mn)0.(Fe,Mn)203, and aurichalcite, 2(Zn,Cu)C03.3(Zn,Cu) (011)2. 

Small quantities of zinc are dispersed widely through the older rocks, 
the sea,® and the tissues and organs of animals ^ — including the human 
body.® Zinc also seems to be a normal constituent of marine organisms,® 
and has been observed in wood ashes. 

History.® — Pliny and Dioscorides refer to a peculiar earth called 
“ cadmia ’’ with which copper was melted to prepare brass. This alloy 
of copper and zinc was used by the ancients. The name “ zinken ” 
was apparently first used by Paracelsus, though it was applied for long 
after indifferently to the metal and its ore. The term “ spelter,” com- 
mercially applied to zinc, is apparently connected with the German 
Spiauter or Spialter, and dates from Boyle.® 

^ Becker, Jahrb, Miner., 1867, 312, 698 ; Pbipson, Compt. rend., 1862, 55 , 218. 

* The name “ calamine ” is applied by English mineralogists to the natural carbonates, 
but by American to natural silicates of zinc. 

» Dieulafait, Ann. Chim. Phya., 1880, [5], 21, 256; Compt. rend., 1883, 96 , 70. 

* Bertrand and Vladesco, Bull. Soc. chim., 1922, [ 4 ], 31 , 268. 

* Rost, Med. Klin., 1921, 17 , 123. « Bodansky, J. Biol. Chem., 1920, 44 , 399. 

^ Braun, Pogg. Anmlen, 1854, 92 , 175 ; Demarcay, Compt. rend., 1900, 130 , 91. 

® For a history of zinc, see Hommel, Chem. Zeit., 1912, 36 , 906, 918. For its history 
in India and China, see Hommel, Zeitsch. angew. Chem., 1912, 25 , i, 97 . 

^ New English Dictionary. 


92 



ZINC AND ITS COMPOUNDS. 


93 


The metal itself was probably first prepared in India, and China 
subsequently became sole producer until the middle of the eighteenth 
century. During the seventeenth century the nature of zinc and its 
ores was misunderstood, and there was frequent confusion between zinc 
and bismuth. Homberg, in 1695, identified zinc as the metal from 
blende, and Kunkel, about 1700, recognised that calamine contained a 
metal that alloyed with copper during the manufacture of brass. 

Champion erected a zinc factory at Bristol in 1743, and the first 
continental zinc works was established at Liege in 1807. 

Zinc oxide was known to the ancients from its production, during 
the manufacture of brass, when zinc vapour burned in air ; it was often 
called “ philosopher’s wool ” {nix alba). The “ white vitriol ” of the 
alchemists was ordinary zinc sulphate, and Glauber first obtained zinc 
chloride by dissolving calamine in sjurits of salt. 

Preparation of Zinc. “I. Dry Process of Extraction, — The ore is con- 
centrated by washing, roasted to the oxide, and heated to a white 
heat with carbon. The reduced metal distils over and is collected in 
receivers. 

The roasting is usually performed on the sulphide (zinc blende) or 
the carbonate (calamine, zinc spar, smithsonite), but zinc silicates are 
sometimes dehydrated by heating and reduced l)y carbon. The roast- 
ing must be sufficient to convert the sulphide completely into oxide. 
If the temperature is too low some zinc sul})hate is formed that is con- 
verted into sulphide during the reduction with carbon. This sulphide 
is very difficult to reduce. 

Zinc blende is usually roasted in multiple-bedded reverberatory 
furnaces that are frequently heated by waste gases from the smelting 
furnaces. The sulphur dioxide evolved by the roasting blende may be 
used in the manufacture of sulphuric acid. 

The reduction is effected by heating the roasted oxide with ground 
coal in fireclay retorts. The English and Carinthian methods of con- 
ducting the process have been abandoned. In the Belgian process the 
retorts have a circular or elliptical section, and are set in the furnace in 
tiers. In the Silesian process the retorts have a section resembling a 
narrow window with an arched top, and are usually arranged in a single 
row, though there may be two tiers. There are various other differ- 
ences of detail between the two methods. It is now usual to fire 
by gas, and the regenerative principle is almost universal. Electric 
smelting has been successfully practised in British Columbia, Sweden, 
and other places.^ In the Rhenish process the retorts are somewhat 
larger than in the Silesian, and are muffle-shaped or elliptical. 

The distillation of the volatilised zinc secures the metal. The con- 
densers should be hot enough to keep the condensed metal in a liquid 
state. If the retorts are kept well filled with carbon monoxide, no zinc 
oxide is produced to distil over with, the metal. If carbon dioxide is 
present, oxidation of the metal occurs. The formation of zinc oxide in 
an oxidising atmosphere has prevented the successful smelting of zinc 
in blast furnaces. 

II. Wet-extraction processes have been studied and recommended for 
commercial application. In these processes the zinc is converted into 

^ For action of carbon on zinc oxide, see under Zinc Oxide. For review of electro* 
thermal metallurgy of zinc, see U.8, Bureau of Mines, Bull. 208, 1923. Also see Ingalls, 
Trans, Amer, Electrochem, Soc,, 1921, 40, 246. 
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a soluble salt which is then dissolved out. Thus zinc blende has been 
calcined to zinc sulphate and extracted with dilute sulphuric acid/ or 
roasted with sodium chloride and extracted with w^ater.^ These and 
similar j)rocesscs have been variously combined with the dry-distillation 
process. The Leadville ores are roasted to zinc sulphate and extracted 
with water. The extraction of the zinc is completed by chlorination.® 
III. The electrolytic preparation of zinc is employed by Messrs. 
Brunner Mond, Ltd. The calcium-chloride liquors obtained in the 
ammonia-soda process are treated with crude zinc oxide and carbon 
dioxide. Zinc chloride and calcium carbonate are thus formed. The 
zinc-chloride liquors arc electrolysed in a cell with carbon anodes and 
rotating disc-shaped iron cathodes. The chlorine produced is used for 
making bleach, and the zinc is stripped from the cathodes and melted 
down. The metal is guaranteed to contain 99 '90 })er cent, of zinc, and 
is valuable for making ductile brasses.^ 

Zinc of 99*9 per cent. })urity can be obtained by electrolysing zinc 
sulphate solution. The metal thus pre])arcd is sometimes brittle, and 
the brittleness is j)robably due to occluded hydrogen.® 

Gallo ® proposes the electrolysis of a mixture of zinc fluoride and 
sodium chloride. The admixture of salt, by lowering the melting-point 
to 500'" permits the electrolytic decomposition of the fused fluoride 
without risk of })revious decomposition by water- vapour. Better results 
are obtained by this use of the fluoride than by electrolysing the fused 
chloride. The latter ])roccss is diflicult to apply. 

In an electrolytic method recently described, the solution obtained 
by treating the ore is purified and then freed from lead, copper, and 
cadmium by zinc dust. It is then electrolysed between an anode of 
lead and a cathode of aluminium. The current density at the cathode 
is 2'fl amp. per sq. dcm. The zinc deposit is easily removed.® 

Purification of Zinc. — Spelter, as commercial zinc is commonly 
called, is often refined by liquation when the crude material contains 
about 3 per cent, of lead. By keeping the metal molten for some days 
the heavier lead collects at the bottom. The top layers, in which the 
lead content has diminished to about 1 per cent., representing the solu- 
bility of lead in zinc at the temperature employed, are then removed,® 
Cadmium and iron are also separated during this process. 

Spelter usually contains lead, iron, and cadmium,® and traces 
of arsenic, antimony, tin, sulphur, and carbon.^® Copper and silver 
may be present, and occluded gases. Small quantities of various other 
elements, including phosphorus, may be present. 

Zinc of 99'7“99*9 per cent, purity can be obtained by passing the 

* Parnell, BriU Ahhoc, 1880, 544. 

* Swindells, Ghem. Gazette, 1851, 9, 420. 

® J. Soc. Ghem. Ind., 1888, 7, 572. 

* For electrolysis of zinc, see under Electrodei>osition. 

® Schwarz, Zeitsch. Ekktrochem., 1923, 29, 198. 

« Gallo, Gazzetta, 1913, 43, i, 361. 

’ See Lorenz, Zeitsch. anorg. Ghem., 1895, 10, 78 ; 1896, 12, 272 ; Griinauer, ihid.^ 
1904, 39, 389 ; Vogel, Trans. Faraday Soc., 1906, 2, 56. 

* Palmer and Wejnarth, Zeitsch. Elektrochem., 1923, 29, 557. 

* Mylius and Fromm, Ber., 1895, 28, 1563. 

Elliot and Storer, Jahresber., 1860, 180 ; Funk, Ber., 1895, 28, 3129 ; Scholl, Ghem. 
and Met. Eng., 1922, 26, 595. 

Friedrich, Zeitsch. angew, Ghem., 1904, 17, 1636. 

Morley, Amer. Ghem. J., 1890, Z2, 460 ; Schwarz, he, eit. 
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volatilised products from the retorts through “ fume filters.” The 
zinc-vapour, being less dense than the “ lead fume,” etc., jiasses more 
readily through the iucand(‘secnt carbon or other porous material, 
such as fireclay, constituting the filter, and condenses very free from 
impurities. If the zinc-vapour is led from the fume filters into the 
condensers through nozzles packed with carbon to exclude the action 
of air, the formation of “fume” is prevented.^ 7Anc fume or “blue 
powder ” is a mixture of finely divided zinc and zinc oxide. ^ 

Zinc can be refined eleetrolytically by using zinc sheet as cathode 
and impure zinc as anode. Hy distilling electrolytic zinc, obtained by 
repetitions of this process, metal of 99-999 jier cent, purity can be 
obtained.^ 

Zinc can be prepared free from arsenic by melting it with sodium,^ 
and spectroscopically pure by repeated distillation in vacuo,^ 

Zinc of 99*95 per cent. ])urity is said to be obtained by treating a 
saturated solution of pure zinc suljihate with sodium amalgam at 81° C., 
washing the crystals, drying them, and removing the mercury by 
distillation in a vacuum slowly at 400° C.** 

Uses of Zinc. - Zinc is a constituent of many important alloys.’ 
Some pyrophoric alloys consist of zinc with small ([uautities of co})per 
and aluminium.*^ The zinc dust condensed during the distillation 
(known as “ blue powder ” or “ zinc fume ”) is used in the dyeing 
industry as a reducing agent. A zinc-cop])er couple, copper de[)osited 
on zinc, is a very effective reducing agent : it will decomj)ose water with 
the evolution of hydrogen even at 2° Rods of zinc are used in 
batteries, and rolled zinc plates arc used in the manufacture of many 
articles. A small percentage of lead is desirable in sjxdter intended for 
rolling. When zinc is granulated by j)ouring it into hot water it forms 
small globules, known as bean-shot, and flakes when it is poured into cold 
water, known as feathered-shot metal. Granulated zinc is a common 
laboratory reagent, and the arsenic-free metal has an important use in 
applying the Marsh test and its modifications for small quantities of 
arsenic. 

Zinc is extensively used for galvanising iron to protect it from rust. 
The name is derived from the original method of galvanic deposition. 
This method was superseded by dipping the iron in molten zinc.^^ In 
the sherardising process iron (or steel) articles are heated with zinc 
dust in closed vessels to a temperature somewhat below the melting- 
point of the zinc. The coating thus obtained resists atmospheric 
corrosion very effectively.^*^ The zinc can also be sprayed on to the 
surface to be coated.^® 

^ Primrose, Inst, of Metals^ 1909, ii, 231 ; Bannister, ibid.y 1910, i, 213. 

* Smith, The Zinc Industry (Longmans, (Irecn & Co., London), 1918, p. 118. 

® Mylius and Fromm, loc. cii. 

* Thorne and Jeffers, Analyst, 1906, 31, 101. Soc Hehner, ibid., 1902, 27, 261. 

® Morse and Arbuokle, Amer. Chern. J., 1898, 20, 195. 

« Drescher, J, Soc, Chem, Ind,, 1924, 43, 178B. ’ Sec under Alloys. 

* Guertler, Chem, Zeit,, 1919, 43, Rep. 260 ; Czochralski and Lohrke, Chem. Zenir,, 
1920, iv, 262. 

* Gladstone and Tribe, Proc, Roy. Soc., 1871-72, 20, 218; J. Chem. Soc., 1877, 31, 561 ; 
1879, 35, 667 ; Stock, J. Soc. Chem. Ind., 1897, 16, 107. 

Smith, The Zinc Industry (Longmans, Green & Co., London), 1918, p. 138. 

Cranfurd, British Patent, 7355 (1837). 

** Hinchley, Trans. Faraday Soc., 1911, 6, 133. 

Sohoop, J. Soc. Chem. Ind., 1911, 30, 291. 



96 


BERYLLIUM AND ITS CONGENERS. 


Since zinc can now be elcctrolytically deposited effectively, and the 
coating is more resistant than when it is obtained by the dipping pro- 
cess, the original galvanic method may, in its turn, supersede the method 
of dipping the iron into molten zinc.^ Cyanide-plating solutions for 
electrolytic deposition are very effective.^ 

Zinc is also used for precipitating gold or silver in the cyanide 
process. 

Physical Properties of Zinc. — Zinc is a greyish-white or bluish- 
white metal. It has a metallic lustre, can take a high polish, and 
tarnishes quickly in ordinary air. 

Zinc is said to undergo allotrojnc modification from an a-variety to 
a jS-variety at 174° C., and from the j8- variety to a y- variety at 322° C.® 
According to Cohen and Heldermann, ordinary zinc is a nietastable mix- 
ture of several allotropic modifications, and “ atomised ” zinc is also a 
mixture of two or more allotropic forms. ^ 

Zinc sublimes in a crystalline form when it is distilled in hydrogen 
or in vacuo,^ The crystals were supposed to occur dimorphically in 
the regular and hexagonal systems,® but crystalline zinc is, however, 
apparently hexagonal and probably holohedral.'^ 

When zinc is crushed its micro-structure becomes homogeneous and 
its hardness increases. Annealing restores the crystalline structure.® 
The cast metal “ cries ” more feebly than tin. 

It is brittle at ordinary temperatures, but bc(‘omes malleable and 
ductile at 100°-15()° C. The metal is rolled hot on the larger scale, but 
it remains sufficiently malleable after heating to be rolled or drawn into 
wire. Above 205° C. the metal again becomes brittle enough to be 
pulverised in a mortar.® 

Zinc is distinctly plastic at 200°-400° C.,® and the warm metal can 
be pressed through an opening.^® 

The modulus of elasticity, or Young’s modulus of zinc, has been given 
as varying between 7670 and 10,550, or an average of 0300 kgm. per 
sq. mm. : it varies with the nature and purity of the metal. 

In determinations of the tensile strength the breaking load of thin 
rolled zinc was found to be about 24,000 lb. per sq. inch, and the tension 
modulus of elasticity 11,500,000 lb. per sq. inch.^^ 

^ See Pring and Tainton, Trans. Chem. Soc., 1914, 105 , 710. 

* Horsch and Fuwa, Trans. Arner. EUctrochem. Soc., 1922, 41 , 211 ; Wernlund, ibid., 
1921, 40 , 257. 

* Losana, Oazzetta, 192,S, 53 , 5.39. Le Chatelier {Compt. rend., 1890, ill, 454) and 
Monkemeyer {Zeitsch, anorg. Chem., 190.5, 43 , 182) confirmed the ^ to y transformation, 
and Benedicks {M^tallurgie, 1910, 7 , ,531) the a to p transformation, though Werner 
{ZeAtsch. arwrg. Chem., 1913, 83 , 301) did not confirm the latter. 

* Cohen and Heldermann, J. Chem. 80 c., 1914, 106 , Abs. ii, 127, 652 ; 1915, 108 , Abs. ii, 
52, Benedicks and Arpy {Zeitsch, anorg. Chem., 1914, 88 , 237) criticised their conclusions. 

® Jahresber., 1847-48, 434 ; 1889, i, 504. 

* Nickl^s, Ann. Chim. Phys., 1848, [3], 22 , 37 ; Rose, Pogg. Annalen, 1859, 107 , 448 ; 
Jahresber., 1859, 195. 

’ Brogger and Flinck, Zeitsch. Kryst. Min., 1884, 9 , 236; AVilliams and Burton, 
Anwr. Chem. J., 1889, ii, 226. It may be rhombohedral (Williams, Amer. Chem. J., 
1892, 14 , 275). 

* For micro-structure of zinc, see Smith, The Zinc Industry (Longmans, Green & Co., 

London), 1918, p. 140. See Masing, Zeitsch. Metallic., 1921, 13 , 425, for rocrystallisation 
of cold-worked zinc. » Spring, Zeitsch. physikal. Chem., 1894, 15 , 65. 

Lenkojeff and Tammann, Ann. Physik, 1903, f4], 10 , 647. 

Sutherland, Phil. Mag., 1891, [5], 32 , 224. 

Moore, V. Inst.lMetals, 1916, 14 , 230. 
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The average conij^ressibility of zinc, the fractional change of volume 
produced by one megabar pressure, is 1*5X10“® per unit volume per 
megabar, between 100 and 500 megabars.^ 

The hardness of zinc seems to be 2*5 on Mohs’ scale, but it varies 
wuth the purity of the metal, and perfectly pure zinc seems to be softer 
than silver. 

The density of distilled zinc at 20®/24” C. is 0*9225, which rises to 
7- 12722 after compression under 10,000 atmospheres, ^ but it varies with 
the history of the metal and usually diminishes on “ working.” ^ 

Schiff^ found that the density of granulated zinc at 12*^ C. varied 
from 0-900 to 0*975, and recorded determinations by other observers 
from 0-801 to 7*1908. According to Kaliseher,® a specimen of rolled 
zinc of density 7*1812 had a density of 7*1841 when it became crystalline 
by heating to 130'’ -300“ C. (Water at 0° C. — 1.) 

The density of zinc deen^ases on melting. One grm. of zinc was 
found to expand by 0-010 c.c. on melting,® the corresponding densities 
have been estimated at 7-2 and 0*48,^ and the density of molten zinc 
is expressed by the formula 

]) -=0*59 —0*00097 (t— 419) 

at any temperature t.® The slight contraction during solidification 
adapts the metal for castijigs.® 

The vapour dc^nsity of zinc corresponds to a monatomic molecule.^® 
When zinc dissolves in mercury it depresses the vapour pressure as if 
its molecule were rnonatomic.^^ 

Zinc melts at 419-4° There has been a gradual convergence on 
this figure during the progress of research. 

The latent heat of fusion of zinc is about 1*730 Cal.^^ 

llerthelot found 920° C!. for the boiling-point of zinc.^^ Higher 
temperatures had been found by earlier investigators.^® More recently 
918° C. has been assigned as the boiling-point.^’^ 

' Richards, J. Aimr. Ohem. JSoc.^ J915, 37, 1643. 

2 Kaldbaum, Roth, and Siedler, Zvitsch, anorg. Chem.^ 1902, 29, 284. 

® Lowry and Parked-, Trarn^. Chertv. Hoc., 1915, 107, 1005. 

* Scliiff, Anrialen, 1858, 107, 62. ^ Kalischcr, Be.r., J881, 14, 2750. 

® Tocpler, Ann. Phys. Cfiem., J894, [2], 53, 343. Sec also Johnston and Adams, 
Zeitsch. anorg. Ghvm., 1911, 72, U. 

’ Roberts and Wrightson, Jahreshcr., 1881, 36-37 ; 1883, 50. 

® Holers, J. Amer. Chem. Hoc., 1921, 43, 1624. 

" Smith, The Zinc Industry (Longmans, Green & Co., London), 1918, p. 139. 

Mensohing and Meyer, Her., 1886, 19, 3298; BiJtz, Chem. Zenir.y 1895, i, 770; 
Cooke, Proc, Roy. Hoc., 1906, 77 A, 148. 

Ramsay, Trans. Chem. Hoc., 1889, 55, 533; Beckmann and Liosche, Zeitsch. ayiorg. 
Chem., 1914, 89, 190. Acconling to Hildcbrande {Sth Inter. Cony. Appl. Chem., 1912, 
22, 147), zinc dissolved in mercury is partly associated thus ; 2Zn— Z1I5J. 

Dana and Foote, Trans. Faraday Hoc., 1920, 15, 186 ; 8cheel, Zeitsch. angew. Chem., 
1919, 32, i, 348 ; Guertler and Pirani, Chem. Zentr., 1919, iii, 910. 

Egerton, Phil. Mag., 1917, [6], 33, 47 (418° C.) ; Tjcwkonja, Zeitsch. anorg. Chem., 
1908, 59, 320 (419° C.) ; Donski, ibid., 1908, 57^88 (420° C.) ; Hindrichs, ibid., 1907, 55, 
416 (419° C.) ; Petrenko, ibid., 1906, 48, 350 (419° C.). 

Laschtschenk, J. Russ. Phys. Chem. Hoc., 1913, 45» 5«'>2. 1*820 Cal. according to 

Egerton, Phil. Mag., 1917, [6], 33, 33. 

Berthelot, Compt. rend., 1900, 131, 381. 

Becquerel, Ann. Chim. Phys., 1863, f3], 68, 73 (932° C.) ; Deville, Compt. rend., 
1880, 90, 773 (916°-954° C.) ; Troost, ibid., 1882, 94, 788 (942° C.) ; Violle, ibid., 1882, 94, 
720 (930° C.) ; Barus, U.H. Geol. Hurvey, 1889, No. 54 (929° C.). 

Egerton, he. cit, [6], 33, 471. See Greenwood, Proc. Roy. Hoc., 1909, 10, 83 A, 
490. According to Heycock and Lamplough {Proc. Chem. Hoc., 1912, 28, 3), zinc boils 
at 905*7° C. 
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In vacuo zinc volatilises slowly at 184® C.^ and boils at 550® C.^ 
According to Heycock and Lamplough, the boiling-point alters by 
0*183® C. per mm. difference from normal pressure.® 

The latent heat of vaporisation at boiling-point is 81*430 Cal.'* 

The specific heat varies from 0*08421 at —127*5® C. to 0*09570 at 
123*5® C.® From the mean of determinations by Naccari, llcde, and 
Schlubel, the specific heat of zinc is 0*0929 between 18° C. and 
100® C., 0*0957 between 18® C. and 200® C., and 0*0978 between 
18® C. and 800° C.® According to Kahlbaum, Roth, and Siedler,’ the 
specific heat of distilled zinc is 0*0939, which becomes 0*0940 after 
compression. 

The thermal conductivity decreases with the tem])craturc uj) to the 
melting-point. Then there is a sharp drop, succeeded by another 
gradual rise,® According to Lees,® the thermal conductivity of pure, 
redistilled cast zinc varies from 0*20 at —170® C. to 0*268 at 18® C. 
According to Jager and Dicsselhorst it is 0*265 at 18® C. for pure cast 
zinc and 0*262 at 100® C.*® 

The electrical conductivity in reciprocal ohms per cm. cube varies 
from 19*5 XIO^ at -170® C. to 16*9 XlO^ at 18® C.** The conductivity 
has been expressed as 5*45 (14 0*0039t +0*000001 7t2) microhms at 
any temperature t between 15® C. and 300® C.*® 

Breaks in the thermal and electrical conductivity curves have been 
connected with allotropic modifications of zinc.*® 

The coefficient of linear expansion is 10*06x10'"® between —183® C. 
and 12*6® C., and 17*11X10“® between 19*8® C. and 100*2® C.** 

The most important lines in the arc spectrum of zinc, in Angstrom 
(10“® cm.) units, arc: 3036, 3072, 3845, 4630*06, 4680*138, 4722*164, 
4810*535, 4912, 4925, 6103, 6362*345. 

Colloidal Zinc. — A fairly stable colloidal solution of zinc in ether 
has been obtained by sparking between zinc electrodes immersed in the 
liquid.*® 

Colloidal solutions can be prepared by electrical discharge between 
zinc electrodes under water, but they are more unstable than corre- 
sponding cadmium solutions.*® 

The colloidal solution of zinc in isobutyl alcohol, obtained by an 
electrical method, is stable. It is brownish red by transmitted light 
and greyish black by reflected.*’ 

^ Demarcay, Compt, rend., 1882, 94, 184. 

® Kraft, Ber.y 1905, 38, 262; Hansen, ibid., 1909, 42, 211 (b.-pt. at 760 mm. =920® C.). 

* Heycock and Lamplough (Proc. Chem. Soc., 1912, 28, 4). Cf. Greenwood, Ptoc. 
Roy. Soc., 1909, 10, 83A, 490; Barus, Phil. Mag., 1890, f6], 29, 141. 

* van Liempt, ZeitscL anorg. Chem., 1920, 114, 105. 

® Griffiths and Griffiths, Phil. Trans., 1914, 214A, 335. 

® Schliibel, Zeitsch. anorg. Chem., 1914, 86, 94. 

’ Kahlbaum, Roth, and Siedler, ibid., 1902, 29, 284. 

® Konno, J. Chem. Soc., 1920, 118, Abs. ii, 223. 

® Lees, Phil. Trans., 1908, 208 A, 426. 

J&ger and Biesselhorst. See Lees, loc. cit. 

Lees, he. cit., 437. 

Benedicks and Arpy, Zeitsch. anorg. Chem., 1914, 88, 252. 

CJ. allotropy of zinc, ante. 

Gruneisen, Ann. Physik, 1910, [4], 33, 50. 

Svedberg, Ber., 1905, 38, 3618. 

Billitzer, ibid., 1902, 35, 1933 ; Bredig, ZeiUch. physikal. Chem., 1900, 32, 128 ; 
Zettsch. angeiv. Chem., 1898, ii, 953 ; Tiohomirow and Lidow, Ber., 1883, 16, 2276. 

Svedberg, ibid., 1906, 39, 1712. 
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Chemical Properties of Zinc. — Zinc tarnishes rapidly in air. It 
l)urns to the oxide when heated, and zinc wool burns with a brilliant 
flame when lighted with a Bunsen burner — forming a cohen^nt mass of 
oxide. ^ 

In dry oxygen oxidation virtually ceases below 150"' C, when tl\(‘ 
surface film has formed. As the temperature rises above this, moist 
oxygen begins to act more ^'igorously tlian dry.‘^ Ozone attacks the 
metal somewhat more actively than oxygen.^ 

Basic carbonates ar<' formed by atmospheric action upon zinc.'* and 
hydrogen ))eroxide can be detected during the rusting.^ 

Steam acts readily on the metal at a red hcat,^* but the reaction 

ZnO + HgO^ZnO^ H 2 

is reversible.'^ Potable waters dissolve zinc, and distilled or rain walca* 
dissolves it more readily than harder water,® though purified water has 
been said to have no action on the metal. 

Ground waters may take up 5 parts of zinc, per million when they 
])ass through galvanised iron pipes. 

According to Davies,^ ^ all waters attack zinc wluai air is present. 
Coating the zinc, he adds, does not stop the action, and zinc is found 
in the viscera of pco[)lc who have drunk water containing zinc eom- 
|)ounds. Moderate hardness in the water favours the actioji, he also 
says, extreme hardness does not ])revent it, and rain-water has the 
least action. 

The corrosion of zinc by acidic reagents is greater when the metal 
contains lead, cadmium, or iron than in the reclined product. Minute 
traces of arsenic, antimony, copper, or tin also favour corrosion. 

Aqueous halogen acids dissolve zinc to the halide with evolution of 
hydrogen.^® The rate of dissolution in hydrochloric acid depends upon 
the condition of the metal, also upon the impurities ])resent,*® and the 
action is very slow if the metal is pure.^® Dry hydrogen chloride has a 
solvent action in the following solvents : chloroform, ethyl chloride, 


^ Ohinann, Ber., 1912, 45 , 2973. 

“ Jordis and liosonhaupt, Chem. Zeit., 1908, 32 , 19. 

^ Manchot, iler., 1909, 42 , 3942. 

^ Pettenkofer, Jahresber., 1856, 788 ; Bolzano, Dingl, poly. J., 1864, 173 , 107 ; Moody, 
Proc. Chew,. Soc.. 1903, 19 , 273. 

^ Diuistan, Proc. Chem. Soc., 1903, 19 , 152. Seo Traube, Ber., 1882, 15 , 667, 2421, 
2434. 

® Regnault, Ann. Chim. Phya.j 1836, [2], 62 , 350. 

’ Deville, ibid., 1855, [3], 43 , 477; Ditto, Compt. rend., 1871, 73 , 108 ; (llasor, Zeitsch. 
anorg. Chem., 1903, 36 , 25 ; Gillet, Bull. Soc. chim. Belg., 1912, 26 , 106. 

® Venable, J. Atner. Chem. Soc., 1884, 6 , 214. 

® Bonsdorff, Pogg. Annalen, 1837, 41 , 293 ; 42 , 325. 

Howard, J. Amer. Water Works Assoc,, 1923, 10 , 411. 

Davies, J. Soc. Chem. Ind., 1899, 18 , 102. -v 
Prost, Bull. Soc. chim. Belg., 1914, 28 , 94. 

Spring and Aubcl, Ann. Chim. Phys., 1887, [ 6 ], ii, 524. 

The passivity and velocity of solution in acids has been studied by Centnerszwer 
and Sachs, Zeitsch. physikal. Chem., 1914, 87 , 692 ; Centnerszwer and Drukkor, J. Muss. 
Phys. Chem. Soc., 1915, 47 , 439, 528 ; Centnerszwer, ibid., 1916, 48 , 470. 

Prost, Bull. Soc. chim. Belg., 1914, 28 , 94. 

Reynolds and Ramsay, Trans. Chem. Soc., 1887, 51 , 857 ; Falk and Waters, Anu'r. 
Chem. J., 1904, 31 , 407. 

Patten, J. Physical Chem., 1903, 7 , 153. 
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amyl alcohol, methyl alcohol, ethyl alcohol, acetone, ethyl ether, ^ and 
benzene.^ 

Zn + 21 1 Cl .200 1 1 gO -- ZnCl g. IOOHaO + U 2 1 36.320 Cal . 

if the hydrog:en is dry. Tlic (*orres})ondiiig figure for moist hydrogen at 
the same tem})eratnre, 20 ° (’., is 36-070 Cal.^ 

Zinc reacfts with dilute aqueous sul])huric acid to form hydrogen 
and /inc suli)hate, but if the- metal is v’ery pure there is scarcely any 
action. There is probably no action at all if both acid and metal are 
excc(‘dingly ])ure, and the rate of solution varies with the condition of 
the zinc and the impurities present.*''* Solution proceeds more slowly at 
first, and this preliminary “ induction })eriod ” is j)robably due to a layer 
of hydrogen bubbles that prevents contact between the metal and the 
acid. Rise of ternperatun^ increases the rate of solution, and its effect 
increases with the acid com^entratio]!, Uioiigh it has no a])preciable 
effect when the acid is very dilute.^ Amalgamation protects zinc from 
attack by acids, because the discharge potential of hyclrogen on men-ury 
exceeds the potejitial ol‘ zine."^ 

Small quantities of sulj)hur dioxide and hydrogen sul])hide are often 
produced during the action oi‘ dilute suljtiuric acid on ordinary zinc, 
though they are not j:)roduced if tlu* acid and metal are nearly })ure. 
Sul])hur dioxide is the chief gaseous product when the sulphuric acid is 
concentrated, but hydrogen sul])hidc is also produced at higher tempera- 
tures, and both compounds are formed when the tenq^erature is fairly 
high (160° C.).» 

When zinc is heated iti a stream of sul])hur dioxide some sul^^hidc 
seems to be fornu'd.*^ When atpieous sulphurous acid acts on zinc the 
sulphite and salts of other sulphur acids are produced in the solution. 
If the action occurs at 200 ° C. in s(?aled tubes, amorphous zinc sulphide, 
sulphur, and zinc sulphate result.^® Zinc hy(lrosulphitc or hyposulphite 
is formed if dry sulphur dioxide is passed through a suspension of zinc 
in absolute alcohol, and, according to Bernsthen,^^ the reaction 

Zn + 2 SO 2 ” Zn S 2 O 4 

first occurs when aqueous sulphurous acid acts upon zinc. Secondary 
reactions then occur. According to Schutzenberger,’® zinc sul})hite and 
zinc hydrosulphitc are the primary products, and no hydrogen is 
produced. 

According to Fordos and Gelis,'^ zinc sulphite and hydrogen are 

^ Zocchini, GazzeilUf 1897, 27 , i, 466. 

2 Kahleuberg, J. Physical Chem.^ 1902, 6 , 1. See Falk and Waters, Amsr. Chem. »/., 
1904, 31 , 407. 

^ Richards and Thorvaldsen, J. Amer, Chem, Soc., 1922, 44 , 1060. 

* de la Riv(\ Ann. Chim. Phys.^ 1830, [2], 43 , 426 ; Reynolds and Ramsay, Trans, 
Chem. Soc., 1887, 51 . 864. 

* Pullinger, ibid., 1890, 57 , 815. 

® Ericson-Auren, Zeitsch. anory. Chem., 1901, 27 , 209. 

^ Watts and Whipple, Trans. Atmr. EUctrochem. Poc., 1917, 32 , 279. 

® Muir and Adie, Trans. Chem. Soc., 1888, 53 , 58. For action of H 2 SO 4 on Zn, also 
see Berthelot, Ann. Chim. Phys., 1898, [7J, 14 , 186. 

» Uhl, Her., 1890, 23 , 2154. 

(leitner, Annalen, 1864, 129 , 350. 

Nabl, Moruitsfi,., 1899, 20 , 679. 

Bernsthen, Annalen, 1880, 208 , 176. 

8 chutzenberger, Compt. rend., 1869, 69 , 196. 

Fordos and Gelis, Ann, Chim, Phys,, 1843, [3], 8 , 352. 
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produced first. Then the nascent hydrogen reduces some sulphurous 
acid to hydrogen sulphide. This may precipitate part of the sulphite (this 
occurs to a considerable extent with cadmium) as sulphide, and it also 
interacts with sulphur dioxide to form sulphur. The sulphur finally 
reacts with some zinc sulphite to produce zinc thiosulphate. Since zinc 
sulphide reacts with excess of sulphurous acid according to the equation 

2ZnS + 3 SO 2 -aZiiSgOa -f S, 

as Henderson and Weiser^ point out, Fordos and Gelis obtained a solu- 
tion of zinc sulphite and thiosulphate when they acted upon the metal 
with an excess of sulphurous acid. They noted that the decomposition 

2 ZnS 203 r- ZnS + ZnS.^Og 

readily occurs. 

The reaction between zinc and sulphurous acid may appanaitly vary 
with the conditions, but the formation of various thioni<^ acids has 
usually been ex]ilained by the ])rimaiy formation of zinc sulphite and 
nascent hydrogen.^ Zinc sulphide has a tendency to precipitate from 
solutions resulting from the action of sulphurous acid on zinc from the 
deconq^osition of zinc thiosulf^hate, etc. 

According to Schweitzer,® zinc sulphite and tliiosulphate are first 
formed, and the li([uid also ultimately contains sulphur, zinc sulphide, 
and tritliionate. Nascent hydrogen, he adds, is not prodin^ed, and is not 
responsible for any reactions. 

According to Acworth and Armstrong,^ nitric oxide, nitrous oxide, 
and nitrogen are always evolved by the action of nitric acid on zinc. 
Montemartini says that hjq^onitrous acid, nitric oxide, nitrous oxide, 
nitrogen, and ammonia are formed at a low tcnq)erature with a large 
excess of acid. Nitrous acid is also formed if the solution does not 
contain more tlian 30 per cent, of acid, and nitrogcui peroxide if it docs. 
A maximum of ammonia is produced witli acid of eoncentration 40-45 
at a temperature of 3°~8° C., a maximum of nitrous oxide at a concen- 
tration of 40 and a minimum at 80, a maximum oi‘ nitrogen peroxide at 
a concentration oi‘ 80, which then remains constant, and nitrogen is 
never formed in more than very small quantities.'’ Ilydroxylamine is 
said to be produced during the action of nitric; acid on zinc, and to 
be easily observable if sulphuric or another acid is present.® Bijlert’ 
detected no hydroxylaniine when iV/20 to N/10 nitric acid acted upon 
zinc- -ammonia was formed. Nitrous acid has been said to be the 
primary j)roduct of the reaction.® 

Zinc dissolves slowly in caustic alkalies, formijig hydrogen and 
zincates. 

Zinc ap))arently forms no compound with hydrogen,® though the 
spectrum of an arc between zinc poles in hydrogen has been said to 

^ Henderson and Weiser, J, Amir. Chem. 1913, 35, 240. 

* Risler-Beunet, Pogg. Annalerij 1862, 96, 470. 8(ie Bertholot, Ann. Chim, Ph/ys., 
1898, L7], 14, 189. 

® SeWeitzer, Chem. News, 1871, 23, 293. 

* Acworth and Armstrong, ./. Ohem. Soc., 1877, 32, 73. 

® Montemartini, Gazzatta, 1892, 22, i, 277. 

® Divers, Trails. Chem. Soc., 1883, 43, 447. 

^ Bijlert, Zeitsch. physikal. Chem., 1899, 31, 103. 

® By both Armstrong and Veley. See J. Soc. Chem. Ind., 1891, 10, 206. 

^ Cameron, Chem. News, 1860, 2, 181 ; Panoth, Matthies, and Schmidt- Hebbel, Ber., 
1922, 55B, 787. 
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indicate zinc hydride,^ and the existence of zinc hydride has been 
affirmed.^ The metal, however, is apt to occlude hydrogen,® and zinc 
dust has been said to contain thirty-nine times its volume of this gas.'^ 

It decomposes nitric oxide slowly but completely at 000° C.,^ and 
unites directly with most of the negative elements. 

Zinc displaces less electropositive metals from solutions ol‘ their 
salts, and a zinc-cojyjnr coujdc, prepared by de])ositing cop])er on 
zinc, decom])oses wat(‘r at ordinary te!np(‘ratures. This evolution of 
hydrogen accounts, it seems probable, for the production of this gas 
when zinc displaces eop})cr and other metals from their solutions.^ The 
zinc-cop])er couj)le is an effective reducing agent, and will (leconi])ose 
water even at 2° C.^ A ])ro])erly prepared couple is suitable for esti- 
mating nitrogen (by reducing it to ammonia) in water.^ 

There is a period of induction when metals are rcjdaced in solutions 
of their salts by zine,^” and they may be })recipitat(*d partly in the form 
of hydroxide, iiick(‘l, and cobalt, for example.^ ^ If asbestos is wra})j)e(l 
round a zinc rod that is di])])ed in a solution ol‘ lead ac(‘tat(% or copper 
sul])hate, or antimony chloride aiid tartaric acid, a sjjongy mass of metal 
settles out on the asbestos. A black de])osit ol* antimony also drops 
to the bottom of tlui vessel, that cx})lodes when h(;at(‘d (explosive 
antimony).^® 

Zinc and copper have been said to be reei])rocally re])laceable by one 
another to some extent under appropriate conditions,^® and a solution 
of an iron salt was said to be produced by acting on the solution of a 
normal zinc salt with })owdcred iron.^^ 

Hydrogen is evolved when magnesium is immersed in a solution 
of zinc chloride, and zinc containing some hydroxide is i)recipitated.^^ 
Magnesium will only precj])itatc 50 j)cr cent, of the zinc from a solution 
of zinc sul])hate, and the }jrecij)itatcd zinc contains some oxidt‘s of mag- 
nesium and zinc.^^’ Aluminium reacts with solutions of zinc salts. 

Electrodeposition of Zinc. It is dillieult both to deposit zinc 
completely by electrolysis and to obtain good deposits. The frticjuent 
sponginess, looseness, or porosity of clcctrolytically deposited zinc has 
been ascribed to the presence of oxide or hydride. Occluded hydrogen 

^ Eowk'.r and Payn, Proc. Roy, iSoc., 1903, 72 , 256. 

2 Leods, Ber., 1876, 9 , 1456 ; Siemens and Halske, JJimjl. poly, J,, 1893, 288 , 258. 

•* Delaclianal, Gompt, rend.y 1900, 148 , 561 ; Wchwarz, Zeitarh, Elektrochem., 1923, 29 , 

198. 

* Williams, Che7n. News, 1885, 51 , 146. 

® Muller and Barck, Zeitsch. anorg, Chetn., 1923, 129 , 309. 

® Gladstone and Tribe, Proc. Roy. Soc., 1871-72, 20 , 218. 

' Gladstone and Tribe, J. Chevi. Roc., 1877, 31 , 561. 

“ Gladstone and Tribe, ibid., 1879, 35 , 567. 

® fStock, J. iSoc, Ghem, Ivd., 1897, 16 , 107. 

(,'entnerszwer and Drukker, J. Russ. Phys. Ghein. Soc., 1915, 47 , 528. 

Kreman, Angelberger, Bakalow, Rolirieh, and Steiger, Zeilsch. anorg. Ghe^n., 1923, 
127 , 316. 

i-J Warren, Ghcm. News, 1890, 61 , 183. 

Smith, J. Amer. Ghem. Soc., 1905, 27 , 540. 

Raikow and Goworuchuidteorgiew, Ghem.. Zeit., 1903, 27 , 1192. 

Kem, Ghem. News, 1875, 31 , 76. 

ifi Bryant, ibid., 1899, 79 , 75. 

Fornienti and Levi, Ghem, Zentr., 1901, ii, 1298. 

Mylius and Fromm, Zeitsch. anorg. Ghem., 1895, 9 , 158 ; Spear, J. Amer. Ghem. 
kSoc., 1910, 32 , 533. 

Siemens and Halske, Bmgl. j/oly. J., 1893, 288 , 258 ; Sand, Trans. Ghem. Boc., 1907, 
91 , 406. 



ZINC AND ITS COMPOUNDS. 


103 


may make the deposit brittle,^ and if the temperature rises to about 
80° C. the zinc adheres badly to the cathode.^ Zinc is usually prepared 
electrolytically from sulphate solutions. 

To obtain satisfactory deposits by electrolysis the current density 
at the cathode should be uniform and the acidity should be constant.^ 
High-current densities promote elTicient deposition : investigation has 
steadily raised the suitable current density from about 1 amp. per sq. 
dcm.^’ ^ to about 20 amp. ,2 and up to 50.® More positive metals than 
zinc should be absent.'^ Copper and cadmium, if present in the electro- 
lyte, are deposited with the zinc.® The presence of iron is said to 
contaminate the zinc very little under cflicient conditions for electro- 
lysis,® though McIntosh mentions a low iron content in the electrolyte 
as one condition for good deposition.*^ McIntosh also says that colloids 
should not be present, but they increase the efliciency according to 
Hansen,® and Pring and Tainton say that a little colloidal matter favours 
the electrolysis by producing bright, adherent deposits and permitting 
a higher current density which secures greater current efficiency.® 
Neutral solutions, or solutions as neutral as possible, have been advo- 
cated,® but acid solutions seem to be effective if the other conditions 
are good.® 

Zinc can be deposited from commercial solutions, according to Pring 
and Tainton,® with an eificicncy of 95 per cent, if the concentration of 
sulphuric acid is about 15 grm. per 100 c.c., the current density is 20-50 
am|). j)er sq. dcm., and the P.D. is 5 volts between platinum electrodes 
or 3 volts between electrodes of zinc. According to McIntosh,’ the zinc 
concentration should be high. 

Palmer and Wejnarth have recently described an electrolytic method 
of extracting the zinc from solutions prepared from the ore by using a 
current density of 2-6 amp. per sq. dcm. at the cathode. The anode is 
lead and the cathode aluminium.® 

The American electrolytic methods,^® which are in extensive use, are 
similar to this method. Since high-current densities of upwards of 100 
amp. per sq. foot arc required for efficient deposition, they only attempt 
to deposit a portion of the zinc in the electrolyte, and the residual licjuid 
is then again enriched from fresh ore. The electrolyte contains from 
5-7*5 per cent, of zinc, a current density of about 25 amp. to the sq. foot is 
employed, and, though the optimum acidity is 25-30 grm. sulphuric acid 
per 100 c.c.,^^ the electrolyte is acidified with from 2-2*5 per cent. The 
temperature may be 30°-45° C., and a little glue is sometimes added, 
though the electrolyte must be otherwise very pure.^^ The colloidal 

1 Schwarz, Zeitsch, Eleclctrochem., 1923, 29 , 198. See Spear, he, eit. 

2 Fedotietf and Stonder, Zeitsch. anorg. Chem., 1923, 130 , 51. 

® Chancel, Bull. Soc. chim., 1916, [4], 19 , 69. * Mylius and Fromm, he. ciU 

® Burgess, Electrochem. Met. Ind., 1905, 3 , 17. 

® Pring and Tainton, 7'rans, Chem. Soc.^ i914, 105 , 710. 

’ McIntosh, Trans. Roy. Soc. Canada, 191>18, [3J, ii, 113. 

® Hansen, Met. and Chem. Eng., 1918, 18 , 481 ; J. Soc. Chem. Ind., 1919, 38 , 259A. 

® Palmer and Wejnarth, Zeitsch. Elektrochem., 1923, 29 , 557. The zinc deposit is 
easily removed and unaffected by the presence of glue in the elcctrobdio. 

^0 Liddell, Handbook of Chemical Engineering (McGraw Hill Book Co., Now York and 
London), 1922, ii, 746, 801. 

Tainton, Trans. Amer. Electrochem. Soc., 1922, 41 , 189. 

According to Scholl {Chem. Met. Eng., 1922, 26 , 595), arsenic, antimony, nickel, 
cobalt, and copper, when present in a few parts per million, cause a re-solution of the zinc 
after the first fifteen to twenty hours. 
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matter raises the over-voltage of hydrogen, and, by making the hydrogen 
hubbies more readily detachable, keeps the deposit smooth.^ The lead 
anodes and aluminium cathodes must also b(i very pure. Between 3 and 
4 volts is a usual P.D. 

Cyanide-plating solutions are the most effective, and zinc deposited 
from these provides a better rust-proof coating than the deposit from 
sulphate solutions. ^ Good results arc obtained with a current density 
of 2 amj). per sq. dcm., a temperature of 40*^ C., and moderate agitation 
of the electrolyte.® 

Rotating cathodes are not much used in the electrolytic preparation 
of zinc?, but they arc commonly used, to secure? effectiveness, in its 
electrolytic estimation. Though zinc is a difficult metal to estimate by 
electrolytic methods, the estimation can be j)eri*ormed by using an 
electrolyte containing 2 grm. sodium sulphate and 1 grin, sodium acetate 
for every gram of zinc sulphate.^ 

Aecrording to Engelenberg,® zinc and cadmium can be scjiarated 
quantitatively by electrolysis in hydrochloric acid solution containing 
hydroxylamine or hydrazine sulphate. 

Accurate results can be sccaired by dejiositing the zinc on a weighed 
mercury cathode.® The atomic weight of zinc has been determined by 
thus estimating the zinc in zinc chloride’ and zinc bromide.® 

Attempts have been made to estimate zinc by (ih'ct roly sis in solu- 
tions containing (a) oxalate and lr(‘c oxalic or tartaric acid ; ® (/;) acetate 
and free acetic acid; (c) caustic alkali or ammonia; (d) cyanide.^® 
But if the difiiculty of depositing all the zinc, is surmounted, the results 
then, according to Spear, i® tend to be too high through the inclusion of 
zinc oxide or hydroxide with the deposited metal. The dilliculty of 
conqiletc precipitation also increases, he adds, with the concentration of 
the hydroxyl ions. 

Atomic Weight of Zinc. — On the International List of Atomic 
Weights zinc is given as 65-38.^^ It has apj^arently four isotoj)es, with 
atomic weights of 64, 66, 68, and 70.^® They can be partially separated 
by distillation in a high vacuum.^® The atomic number is 30. 

1 Tainton, Trans. Amer. ELeclrochvm. Soc., 1922, 41 , 189. 

* Wernliind, Trans. Amer. Electrochem. Soc., 1921, 40 , 257. 

® Horsch and Fuwa, ibid., 1922, 41 , 211. 

* Price, T’ran.s*. Faraday Soc., 1907, 3 , 88 . Rotating anodes have been tried. See 
Ingham, J. Amur. Chem. Eoc., 1904, 26 , 1209. 

® EngedenU‘rg, Zeiisch. anal. Chefn., 1922, 62 , 257. 

® For description of the cell, see Baxter and liaHniann, J. A ni(^r, Chem. 1915, 
37 , 123, and for a discussion of it, see Baxter and Wilson, ibid., 1921, 43 , 1230. 

’ Baxter and Hodges, ibid., 1921, 43 , 1242. 

® Baxter and Grose, ibid., 1916, 38 , 808. 

® Classen, Qvant. Chem. Anal, by Elect, (Wiley & Sons, New York; Chapman & Hall, 
London; translated by Boltwood), 1903, 1154. 

Smith, ./. Amer. Chem. Eoc., 1902, 24 , 1073; Exner, ibid., 1903, 25 , 899; Price and 
Humphreys, J. Soc. Chem. Tnd., 1909, 28 , 117. 

“ Amberg, Ber., 1903, 36 , 2489 ; Exner, J. Amer. Chem. Boc., 1903, 25 , 899 ; Bpitzer, 
Zeitsch. Elekirochem., 1905, il, 401 ; Frary, J. Amer. Chem. Boc., 1907, 29 , 1590 ; Snowdon, 
J. Physical Chem., 1907, ii, 369; Price, Trans. Faraday Soc., 1907, 3 , 88 ; Breisch, 
Zeitsch. anal. Chem., 1924, 64 , 13. Luckow, ibid., 1880, 19 , 1 . 

Spear, J, Amer. Chem. Soc., 1910, 32 , 533. For studies of the electro -analysis of 
zinc, sec also Ingham, J. Amer. Chem. Soc., 1904, 26 , 1209; Band, Trans. Chem. Soc., 
1907, 91 , 403. J. Amer. Chem. Soc., 1925, 47 , 597. 

Dempster, Phys. Review, 1922, 20 , 031 ; Aston, J. Soc. Chem. Ind., 1923, 42 , 935. 
8 ce also Aston, Isotopes (Edward Arnold, London), 1922, p. 140. 

Egerton, Nature, 1922, 110 , 773. 
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The followinjr determinations have been made of the atomic weight 
of zinc 1 : — 

(A) In 1814 Wollaston gave the ratio Zn : O -100 : 24*4].^ Some- 
what higher values than the atomic weight for zinc of 64*73, which this 
ratio gives, had been previously obtained.^ 

Jacquelainc obtained the ratio Zn : O^lOO : 24* 169 by two con- 
versions of the metal into the nitrate and ignition to oxide. He found 
no occluded gases in his oxides, Zn — 66 * 201 .^ 

Krdmann,^ by the same method, obtained the ratio Zn : O — 100 : 
24*6. The atomic weight of zinc is 65*04. 

Mors(* and Burton made fifteen determinations by this nadhod, and 
tested in all cases their zinc oxide for nitrogen oxides. According to 
their ratio Zn : O — 100 : 24*5139, the atomic weight of zinc is 65*269. 

^lorse and Arbuckle ’ corrected this investigation by eight determina- 
tions, in which allowance was made for occluded gases. Their corrected 
value for the atomic weight of zinc was 65*457. 

(B) S(^veral experimenters ignited the sulphate into the oxide. The 
oxalate* ^ and tlu* lactate ha\^e also been ignited. 

Jacquelainc obtained the ratio Zn : O — 100 : 21*147 by converting 
a known weight of metal into sulphate and igniting to oxide. From 
this ratio, which is the sum of two determinations, zinc is 66*26. 

PMmann gave the ratio ZnSO^ : ZnO ~-100 : 50*26. The sum 
of two ignitions of the sulphate by Baubigny gave the ratio 
Z 1 KSO 4 : ZnO = 100 : 50*414. The atomic weight of zinc is 65*40 from 
the latter ratio. 

(C) Some of the earlier investigators determincMl the liydrogen 
evolved by dissolving known quantities of zinc in diluti* acid.^’^ Van der 
Plaats,^^ from three determinations, obtained Zn — 65*68. 

Reynolds and Ramsay, as the mean of livi* determinations, obtained 
Zn — 65*4787 itO Ol 61 35. This figure, which was calculated on the 
assumption that 11-1*0, makes Zn — 65*9776 if II - 1*00762. 

(D) Gladstone and Ilibbert obtained the ratio 2 Ag : Zn — 
3*2980 : 1 by the simultaneous electrolytic dejiositiou of silver and 

^ Th« following alfnni(i weight values have been used in calculating the atomic weights 
in this s<‘ction - 

H - 1 00702 0 -KvOOO S -32 005 

01-35*457 Br -79*910 Ag- 107*880 

VVJiere necessary the atomic weights have been recalculated, using the above valiu's, 
from the original experimental data, 

^ Wollaston, Phil. Trans. ^ 1814, 21. 

** (laj’^-Lussae, Mhn. d'arccuil^ 1811, 2 , 174; Berzelius, P(>(j(j. Annakn^ 1811, 8 , 120, 134. 

^ Jacquelainc, Ann. Chim. Phys., 1843, [3J, 7 , 189. 

^ Erdmann, Annalen, 1844, 50 , 435. 

® Morse ami Burton, Amer. Ch€?n. ./., 1888, 10 , 311. S(‘e Jahresber.^ 1888, ii, 103, 

Morse and Arbuckle, A7ner. Chem. J., 1898, 20 , 195. TJieir um!orTe(;ted valuta was 
05*328. ® Favre, Ann. Chim. Phys., 1844, [3], 10 , 103. 

® Pelouzc. 8 ce Richards and Kogei*s, Zeitsch. anmg. Chc7n., 1895, 10 , 2. 

Jacquelainc, loc. cit. 

” Erdmann, Annalm, 1844, 50 , 435. 

*2 Baubigny, Chein. Nem% 1883, 48 , 244. 

Jacquelainc, loc. cit . ; Favre, he. cit. 

van der Plaats, Comj)i. rend.y 1885, 100 , 52. 

Reynolds ajid Ramsay, Trans. Chnn. Soc., 1887, 51 , 854. 

Gladstone and Hibbert, ibid.., 1889, 55 , 443. They regarded their similarly 
obtained ratio Cu : Zn = l : 1*0322 (from live results) as containing a probable error of 
1 in 1000. 
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zinc. Their result, obtained from six experiments, makes the atomic 
weight of zinc 65*421. 

(E) Marignac^ analysed the double salt ZnCl 2 . 2 KCl. Baxter and 
Hodges ^ determined the percentage of zinc in the chloride by esti- 
mating the metal electrolytically. Their ratio Zn : 02- 0*92195 ; 1, 
obtained as an average of seven determ inatiot is, gave Zn"^65*379. 

Baxter and Grose ^ operated similarly on the bromide and obtained 
the ratio Zn : Br 2 =0*409103 : 1. They made eight determinations, and 
calculated an atomic weight of 65*388 for zinc. 

Richards and Rogers ^ determined the ratios ZnBr.^ : 2Ag and ZnBi’g : 
2AgBr by analysing the bromide. Their paper also contained the 
following determinations by Richards alone. The ratio ZnBrg : 2Ag = 
104*379 : 100 was obtained from thrc'.c experiments. This makes 
Zn=65*376. From his ratio ZnBr^ : 2AgBr^0 599611 : 1, obtained 
from three determinations, Zn =65*377. 

The International Committee on Atomic Weights for 1925 have 
adopted the value 

Zn=65-38. 

Alloys of Zinc, -Sodium is only partially miscible with zinc, and a 
saturated solution of sodium in zinc contains about 3 per cent, of the 
former metal. These two metals form a com])ound that is grey, harder, 
and more brittle than zinc, and slowly acted upon by watin*. Its 
formula approximat(‘s to NaZn^ or NaZni 2 .^ 

Potassium forms a compound with zinc tliat ajiparently occurs in 
several physical modifications. Its formula is jirobably 

Copper. — The alloys of zinc with copper liavc gn^at commercial im- 
portance. The addition of zinc to copper at first increases both the 
ductility and tenacity. The ductility begins to decrease when the zinc 
is more than 30 per cent., and the tenacity falls off rapidly when it is 
more than 40 per cent.'^ 

Brass contains from about 30-33 per cent, of ziiu^ and 70-67 per 
cent, of copper. Muntz metal^ containing 40 per cent, zinc and GO })er 
cent, copper, can be rolled either hot or cold, while brass can oul}^ be 
rolled cold. Brazing solder contains equal proportions of the two metals, 
though the proportions are sometimes varied : it is harder than brass, 
more ductile, and cannot be rolled. Various other alloys, such as 
pinchbeck^ contain 90 per cent, and upwards of copper. The alloys 
containing less than 50 per cent, of copper are white and brittle : their 
commercial importance is slight.® 

1 Marignao, Ann. Chim. Phys., 1884, [ 6 ], i, 309. 

* Baxter and Hodges, J. Amer. Chein. Soc., 1921, 43 , 1242. 

® Baxter and Grose, ibid., 1916, 38 , 868 . 

* Richards and Rogers, ZdUch. anorg. Chem., 1895, 10 , 1 . See Clarke, J. Amer. Chem. 
Soc., 1896, 18 , 203. 

® MathewHon, Zeii^ch. anorg. Chem., 1906, 48 , 195. Gay-Luswac and Thenard 
{Rccherches physico-chimiques (Paris), 1811, i, 243) described a compound of sodium with 
zinc. See also Rieth and Beilstcin, Annalen, 1862, 123 , 254 ; 1863, 126 , 248. 

« Smith, Zeitsch. anorg. Chem., 1908, 56 , 114. 

’ For studies of the system Cu-Zn, see Shephenl, J. Physical Chem., 1904, 8 , 421; 
Carpenter and Edwards, Int. Zeitsch. Metallographir, 1912, 2 , 209; Carpenter, Int. 
Zeitsch. Metallographie, 1912, 3 , 170; J. Inst. MeUiU, 1912, 3 , 170; 7 , 70; 8 , 51, 59; 
Gudlot, Rev. de MetaUurgie, 1906, 3 , 243. 

* lor chemical and electrochemical properties of zinc alloys, sec Sauerwald, Zeitsch. 
anorg. Chem., 1920, iii, 243. For mechanical properties, Guillet, Compt, rend,, 1918, i 66 . 
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Norsa concluded that the compounds CuZn, CuZiig, and CuZn^ 
exist ; ^ CuoZug may also exist, and possibly Cu 2 Zn.^ 

Silver , — A silver-zinc alloy is obtained by addinj^ a solution of silver 
sulj)hatc to water containing a zinc platc.^ Liquid silver and zint^ alloy 
in all proportions.^ The alloys arc fairly malleable up to 34*3 atomic 
per cent, of zinc, but become brittle and tough with increasing quanti- 
ties.® Their brittleness and hardness attain a maximum between 47-6 
and CO per cent, of zinc.’ 

The compounds AggZn^ and AggZiig seem to exist.® A^arious other 
compounds have been indicated by equilibrium studies, but the results 
are not very (*oncordant.® 

Gold , — ^The addition of gold to zinc raises the freezing-point.^® 
Molten gold absorbs zinc vapour, and its ductility is destroyed by alloy- 
ing with zinc.^i Small quantities of zinc slightly increase the tensile 
strength. 

Alloys rich in gold are about as hard as the latter, but not quite so 
tenacious. Alloys containing between 31 and Cl per cent, of zinc are 
hard and brittle, and these qualities gradually diminish as the proj>or- 
tion of zinc increases.^® 

The compound AuZn seems to exist, but tlu‘ evidence for other 
comj)oimds is conflicting. 

Calcium.— A]\oy a of zinc containing C }>er cent, of calcium are rather 
harder than zinc and arc fairly stable towards air and water. As the 
proportion of cahnum increases they darken in air and act more on 


735; Shepherd, (Jai pciit-er, Kdwards, and Parravano, Oazzettn, 1914, 44 , ii, 475; JliidKon, 
J. Inst. Metals^ 1914, 12 , 89; J. Chem. 1915, 108 , Abs. ii, 291 ; Lohr, J. Physical 
Chon.y 1913, 17 , 1. For annealing, Stead and Stedman, ./. /n,st, 1914, ii, 119; 

Porte vin, C(mi'pt. rend.^ 1914, 158 , 1174. For heating in vacno^ Thomeycroft and 
Turner, J. InM. Metals, 1914, 12 , 214. For rate of solution in acids, (Vntnerszwcr 
and Sachs, Zeiisch. pliysikal. Che,m., 1914, 89 , 213. For corrosion, Wbyte, ./. Jmt. 
MetaU, 1915, 13 , 80, For vapour pressures, see Guillet and Ballay, Compt. rend., 1922, 
175 , 1057. 

1 Norsa, Compt. rend., 1912, 155 , 348 ; Sackur, Ber., 1905, 38 , 218G ; Puscliin, Zeitsch. 
anorg. Ckem., 1908, 56 , 30 ; Puschin and Rjashski, J . Buss. Phys. Chem. Soe., 1912, 44 , 
1905. 

^ Car 2 )eiiter, Jut. Zeitsch. Metallographie, 1912, 3 , 170. 

Puschin, Zeitsch. anwrg. Chejn., 1908, 56 , 30. 

^ Mylius and Fromm, Ber., 1894, 27 , 630. 

® Wright, J. Soc. Chem. Ind., 1894, 13 , 1014. 

” Ileycock and Neville {Trans. Chem. Soc., 1897, 71 , 414) have studied the freezing- 
point curve. For electromotive behaviour, see Kremann and Ruderer, Chem. Zentr., 
1920, iii, 684. 

’ Petrenko, Zeitsch. anorg. Chem., 1906, 48 , 347. 

® Bomeraann, Meiallurgie, 1909, 6 , 336; Kremann and Hofmeier, Monatsh., 1911, 
32 , 563 ; Carpenter and Whiteley, Int. Zeitsch, Metallographie, 1912, 3 , 145 ; Carpenter, 
ibid., 1912, 3 , 170. 

® Peti*enko, loc. cit. (AgZn, AggZua, AggZng, AggZnjj),* Pushin, J, Buss. Phys. 
Chem. Soc., 1907, 39 , 353 (AgZng, AgZn 4 , AgZng, Ag^Zn); Pushin and Maximenko, 
ibid., 1909, 41 , 500 (AgZn, AgZug, AgaZnaj'^and, doubtfully, AggZn, AgZn, AgZn,o)* 
Groves and Turner {Trans. Chem. Soc., 1912, loi, 591) suggest the possibility of 
AgjZn. 

Heycock and Neville, he. cit., 419. 

Hatchett, Phil. Trans., 1803, 93 , 57. 

Roberts- Austen, ibid., 1888, 179 , 344. 

Vogel, Zeitsch. anorg. Chem., 1906, 48 , 319. 

Groves and Tumor, Trans. Chem. Soc., 1912, loi, 589 (AuZn) ; Pushin, J. Buss. 
Phys. Chem. Soc., 1907, 39 , 353 (AuZn, AuZng, AuZrig); Vogel, he. cit. (AuZn, AuZiig, 
AujZnfi). 
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water. The compounds CaZn 4 , CaZn^,, Ca 2 Zn 3 , and Ca 4 Zn appear to 
exist, and possibly CaZn.^ 

Cadmium, — Zinc alloys with cadmium in all proportions, ^ but no 
com])ound seems to be formed.^ The hardness and breaking stress of 
zinc increase with the addition of 0-25 per cent, of cadmium, but the 
opposite effect occurs when more than 0*5 per cent, of the latter metal 
is j)resent.^ 

Raoul t’s Law holds for the vapour i)ressures of cadmium and its 
alloys with zinc.^ 

Mercury, A saturated zinc amalgam at 25"^ C. contains 2-2196 grin, 
of zinc to 100 grin, of mercury, and its density is lS-;34333. At 25"" C., 
if D is the density of the amalgam and p the grams of zinc per 100 
grm. of mercury, 

1) -- 1 3-5;34() — 00859p.« 

Zinc amalgams can be prepared by adding zirui to mercury and 
>varmiug.’^ They are also obtained by electrolysing zinc salts with 
mercury cathodes.® 

No definite comjxmnds of zinc with mercury a})]jear to exist,® though 
some have been reported.^® 

Zinc amalgams do not alter appreciably in the air. When the solid 
amalgams crystallise out they tenaciously retain some of their viscous 
mother-liquor.^^ 

Aluminium. — The hardest alloy of zinc and aluminium contains 30 
]jer cent, of zinc.^‘‘^ Tla^re appears to be evidence for the existence of 
Zu^Ala,^® though a larger number of compounds seems to be excluded 
by studies of the system Zn -Al.^* 

Tin. — Molten zinc and tin mix in all projiortions.^® 

Lead. --7j\nc is said to be only slightly miscible with Icad,^^ though 
alloys of the two metals have apparently been prepared.^® 

‘ Bonski, Zeitsch. (inorg. Chetti., 1908, 57 , 185. 

2 Wright, J. ^oc. Chem. Ind., 1894, 13 , 1014. 

® The syst( 3 iii Cd-Zn has been studied by Gautier, Bull. Boc. d'^ucoiir (Paris), 1896, 

1 5], I, 1293; Heycock and Neville, Trans. Chern. Sac., 1892, 6 l, 899; 1897, 71 , 387 ; 
Broc. Chem. Boc.y 1897, 13 , 60; Hindrichs, Zeitsch. anorg. Chem., 1907, 55 , 415; Bruni 
and Sandonnini, ibid.^ 1912, 78 , 273 ; Lorenz and Plumbridge, ibid.^ 1913, 83 , 231. 

* Novak, ibid.y 1905, 47 , 421. 

® Egerton and Raleigh, Trans. Vhmi. Boc.^ 1923, 123 , 3024. 

® Crenshaw, ./. Physical Chem.^ 1910, 14 , 158. Hildebrande {Sth Inter. Cong. Ajypl. 
Chem., 1912, 22 , 147) has determined the vapour pressures of zinc amalgams. 

7 Willows, Phil. Mag., 1899, [5], 48 , 434. 

® Perdue and Hulett, J. Physical Chem., 1911, 15 , 147. 

® Smith, Amer. Chem. J., i906, 36 , 124. For the system Zn-Hg, sec Cohen and 
Genneken, Zeitsch. physikal. Chem., 1910-11, 75 , 437. Also see J. Chem. Boc., 1910, 98 , 
Abs. ii, 37. Calvert and Johnson, Jahresber., 1859, 120. 

Kerp and Bottger, Zeitsch. anorg. Chem., 1900, 25 , 54. 

Saposchnikoff, ./. Russ. Phys. Chem. 80 c., 1908, 40 , 95. 

vSmimoff, Compt. rend., 1912, 155 , 351 ; Rosenhain and Archbutt, Phil. Trans., 
1911, [ A], 211 , 315. 

Sec Pecheux, Compt. rend., 1904, 138 , 1042. 

Shepherd, J. Physical Chem., 1905, 9 , 504; Heycock and Neville, Trans. Chem. 
Boc., 1897, 71 , 389. See also Sander and Meissner, Zeitsch. Metallk., 1922, 14 , 385; Bauer 
and Vogel, Chem. Zentr., 1916, i, 551. 

i« Wright, J. Boc. Chem. Ind., 1894, 13 , 1016. 

Matthiessen and Bose, Proc. Roy. 80 c., 1860, ii, 430; Wright, J. Boc. Chem. Ind., 
1894, 13 , 1016. 

Konno, Sci. Rep. Tdhoku, Imp. Univ., 1921, 10 , 57. 
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Antimony -~7Anc is miscible with antimony in all proportions.^ The 
compounds Zn^Shg and ZnSb appear to exist.*'* 

Bismuth, -Line, and bismutli arc only slijirlitly miscible.'* 

^Mangauese—AWoyii of zinc and manganese are brittle, and increase 
in hardness with the manganese content. They eannot contaiiii more 
than 50 per cent, of the latter metal. ^ The C()mj)oimds Zn 7 Mn and 
ZngMn are said to exist. ^ 

Iron, — Alloys of zinc and iron containing 0*7 11 j)er cent, of iron 
become harder and more brittle with an incre ase of tlie latter metal.‘* 
An alloy with 96 j^er cent, of iron is mallea})le when cold, though more 
brittle than iron, but the alloy with 80 per cent, is brittle and not 
malleable at the ordinary temperature." The eom])ouii(ls ZugFe and 
Zn 7 Fe exist.®’ 

Nickel, — Alloys of zinc with nickel, which arc more brittle than zinc, 
have been prepared by adding nickel to zinc melted undc'r borax.® 
The compound ZuaNi is brittle.*® Zn^Ni is said to have becTi isolated 
as a crystalline, non-magnetic powder, of density 7*71 and melting-point 
a})proximately 850® 

The alloys are not magnetic.*® 

Cobalt, -Zinc and cobalt form mixed crystals ; the alloys contain- 
ing more than 81-6 per cent , of zinc are not magnetic, and become' more 
brittle as the zinc decreases.^® There is a comj)ound Zn 4 Co.*'* 

COMPOUNDS OF ZINC*. 

Zinc and the Halogens. 

Zinc Fluoride, ZnFg. — The anhydrous salt is })roduced as an amor- 
phous white powder by the direct union of lluoriiie and zinc, or by 
dehydrating the tetrahydrate ZnF2.4ll20 at 100® C.*^ Since it va}>oriscs 
at 700® C. in an atmosphere of hydrogen lluoride and condenses in 
colourless needles, it can be prepared crystalline by the action of hydrogen 
iluoride at a red heat on zinc, zinc chloride, zinc oxide, or the tetra- 
hydrate ZnFg. 41130 .*^ It crystallises in eitlier the monoclinic or tri- 
clinic system, is insoluble in alcohol and more easily soluble in acids or 
ammonia.^® It probably dissolves in aqueous hydrotliiorie acid to the 

1 Wright, J. Soc. Ghem. Ind., 1894, 13 , 1016. 

Schemtschiischny, ZeitJ^ck. amwy. Ghem., 1900, 49 , 384; Monkerncyer, ibid,, 1905, 
43 , 182. According to Herschkonitscli {Zeitsch, physikal. Ghcm., 1898, 27 , 123) also 

exists. 

^ Wright, loc. cAt. 

^ Siebe, ZeiUtch. anorg. Ghem., 1919, 108 , 101 . 

® Parravano, Gazzetta, 1915, 45 , i, 1. 

® Vegesack, Ze.itach. anorg. Ghem., 1907, 52 , 30. 

’ Raydt and Tarnmann, ibid., 1913, 83 , 257. 

® Vigouroux, Ducelliez, and Bourbon (Bull. Sov. c.him., 1912, [4], ii, 480) also afhrm 
ZnEoj and ZnFcg. 

® Tafel, Metallurgie, 1907, 4 , 781. 

Vors, Zeitsch. anorg. Ghem,, 1908, 57 , 34. 

Vigouroux and Bourbon, Bull. Soc. cMm., 1911, [4], 9 , 873, 

Lewkonja, Zeitsch. anorg. Ghem., 1908, 59 , 293. 

Ducelliez, Bull. Soc. chim., 1911, [4], 9 , 1017. 

Marignac, Ann. Ghim. Phys., 1860, [3], 60 , 305. 

Poulenc, Gompt, rend., 1893, Il 6 , 581 ; Ann. Ghirn. Phys., 1894, [7], 2 , 33. Accord- 
ing to Gallo (Qa^zeUa, 1913, 43 , i, 361), water-vapour decomposes zinc fluoride into hydrogen 
fluoride and zinc oxide at temperatures l)elow its melting-point. 
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acid salt ZiiFg/ilTF.^ It dissolves sparingly in water.^ It melts at 
about 734° C.,^ and at high temperatures hydrogen sulphide converts 
if into tlie sulpliide, steam or oxygen converts it into the oxide, and 
hydrogen reduces it to rnetal.'® 

Its density at 15°C. is 4*84,^ and it combines witli phenylhydrazine.** 

Tlie tetrahydrate, ZiiFa-irigO, is precipitated by potassium lluoride 
from solutions of zinc salts, and has been prejL)ared by dissolving zinc 
oxide in hydrofluoric acid. The rhombic crystals^ dissolve in acids 
but arc only sparingly soluble in water, and their density is 2*535 at 
12° C., or 2*507 at 10° CJ 

The following double fluorides have be(in described : NaF.ZnF 2 , 
KF.ZnFg,^’'® 2KF.ZnF2,’i 2NH4F.ZnF2,4 ZnF2.AlF,.7H20,i2 ZnF.,. 
2CeF4.7ll20,^3 ZnFg.SiF^.OHgO,^^ ZnFg.TiF^.OlLO, ZnFg.ZrF^.OlFO, 
and 2ZnF2.ZrF4.12ll20.7 

Zinc Chloride, ZnClg. — The pure anhydrous salt has l)een ])reparcd 
by heating 3Nll4Cl.ZnCl2 in a current of dry liydrogen chloride.^® The* 
anhydrous salt has also been prepared by distilling anliydrous zinc sul- 
phate with sodium or calcium chloride, by the action of heated zinc 
vapour and hydrogen on barium chloride,^’ by distilling zinc with mer- 
curi(j chloride, and by the action of chlorine on zinc oxide.^^ Hydrous 
zinc chloride partially decomposes on heating, but the aiihydrous salt 
may be obtained frort) it by treatment with concentrated hydro(?hlorie 
acid and evaporation in an atmos]>liere oi‘ hydrogen chloride. It may 
also be j)re])ared by adding zinc to molten lead chloride, passing dry 
chlorine into fused zinc,^^ or b}^ fusing zinc bromide in an atmosphere of 
chlorine.^® 

Commercially, the salt is obtained anhydrous by distilling a mixture 
of zinc sulphate and sodium chloride, and in solution by dissolving zinc 
scraps, zinc blende, or zinc oxide in hydrocliloric acid. 

Anhydrous zinc chloride is white or gre^dsh white, and derives its 
name, “ butter of zinc,” from its waxlike consistency. It is very 
hygroscopic, and the density of the fused salt at 25° C. is 2-907 (com- 
pared with water at 4° C.).^® It sublimes in chlorine to needle-shaped 
crystals that melt at 365° and boil at 730° 


^ Nonotny, Chem. Zcntr.y 1908, ii, 355. 

“ Bodlander, Zeitsch. physikal. Cham., 1898, 27, 63 ; Kohlraiisch, ibid., 1903, 44, 213. 

^ Camelley, Tram. Chem. Soc., 1878, 33, 279. 

^ See note p. 109. 

^ Poulenc, loc. cit. ; Clarke, Jahresber., 1877, 269 (4*556 at 17° C. and 4*612 at 12° C.). 
» Moitessier, Co7npt. rertd., 1898, I2I, 722. ’ Marignac, he. cit. 

® Kohlrauach, ha. cit. » Clarke, he. cit. 

Wagner, Bar., 1886, 19, 897. n Berzelius, Pogg. Annalcn, 1824, i, 26. 

Weinland and Koppen, Zeitsch. arvorg. Chem., 1900, 22, 272. 

Rimbacli and Kilian, Annalen, 1909, 368, 106. 

Marignac, Ann. Mints, 1859, [5], 15, 221. 

Baxter and Lamb, Aintr. Cham. J., 1^4, 31, 229. 

Persoz, Jahresber., 1859, 197. i’ Becketoff, ibid., 1859, 196. 

Weber, Pogg. Annaleyi, 1861, 112, 619. 

Griinauer, Zeitsch. anorg. Chem., 1904, 39, 389. According to Cowper {J. Chem. Soc., 
1883, 43, 154), dry cldorine does not act on zinc. 

2® Baxter and Hodges, J. Amer. Chem. Soc., 1921, 43, 1243. 

2' Griinauep he. cit., 410. About 260° C. according to Braun and Graetz, and 290°- 
300° C. according to Schultze. See Zeitsch. anorg. Chem., 1899, 20, 338. 262° C. according 
to Dietz, Zeitsch. anorg. Chem., 1899, 20, 262. Hachmeister {Zeitsch. anorg. Chem., 1919, 
109, 146) gives 283° C. 

22 Freyer and Meyer, Bar., 1892, 25, 622. 
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The solubility of zinc chloride has been given as 78*5 parts ZnClg in 
100 parts of solution,’ but the equilibrium curves between ZnClg and 
water ^ are difficult to interpret. 

It is strongly dissociated in aqueous solution, though the anion 
ZnCr appears to be present in considerable concentration even in solu- 
tions more dilute than 01 molar.® It is only hydrolysed slightly,^ and, 
according to Vogel, ^ hydrous zinc chloride can be converted into the 
anhydrous by evaporation under about 20 inches of mercury, though 
water, especially at higher temperatures and concentrations, tends to 
form l)asic comj)ounds.® 

Zinc chloride is soluble in many organic solvents, including alcohol,’ 
and combines with a number of organic compounds.® It is indefinitely 
soluble in glycerine.® 

Nitrosyl chloride acts upon zinc to form pale yellow ZnClg.NOCl, 
which is unstable under ordinary conditions.’® 

The formula ZnClg is indicated by the vapour density,” the freezing- 
points of solutions in urethane,’® and the boiling-points of quinoline 
solutions.’® 

Molten zinc chloride conducts electricity well, and ])nre zinc separates 
at the cathode on electrolysis.” 

The specific heat of the fused salt is 0 ]3618.’® 

Anhydrous zinc chloride is poisonous, and is used industrially for 
impregnating wood, for preserving animal stuffs, in the manufacture of 
parchment paper, for weighting cotton goods, in the dye industry, and 
as a disinfectant. It is also employed as a caustic in surgery and as a 
dehydrating reagent in many organic reactions. Its solution in water, 
since it destroys organic substances, is used for cleansing and as a flux 
in soldering. 

[Zn] + (Cl 2 ) -[ZnCy+OT-UO Cal.’« 

[ZnCl 2 ]+Aq.- ZnCl 2 .Aq. + 15-220 Cal. (+9*767 Cal. in alcohol).” 

^ Hasenfratz, Ann. Chini.y 1799, 28, 291. For densities of solutions, see Kremers, 
Fogg. Annaleri.y 1858, 105, 360 ; Uerlach, Zeiisch. anal. Chem., 1869, 8, 283. For freezing- 
point determinations, sec Chambers and Frazer, Amer. Chem. J.y 1900, 23, 516. For 
vapour jiressurcs of concentrated solutions, see Menzies and Boring, Wi Inter. Cong. 
Appl. Chem.y 1912, 22, 219. 

2 Dietz, Ber.y 1899, 32, 90 ; Mylius and Dietz, ibid., 1905, 38, 921. 

® Drucker, Zeitsch. Elektrochem., 1912, 79> 236. 

* Ley, Zeitsch. physikal. Chem.y 1899,30,225 ; Sordelli, J. Chem. 80 c. y 1915, 1 08, Abs. 
ii, 17. 

Vogel, Tram. Faraday Soc., 1906, 2, 58. 

® Criinauer, loc. cit.y 431 ; Porrot, Bull. Soc. chim.y 1895, 13, 975. According to Baxter 
and Hodges {loc. cit.)y zinc chloride easily hydrolyses to a basic salt. 

’ Krug and Elroy, Jahresber., 1892, 1554 ; Naumann, Ber.y 1899, 32, 1000 ; Castoro, 
Oazzettay 1898, 28, ii, 317 ; Kahlenberg, J, Physical Chem.y 1899, 3, 388 ; Lincoln, ibid.^ 
1899, 3, 460. 

® Lachowicz, J. prakt, Chem.y 1889, [2], 39, 99 ; Stoehr, ibid.y 1895, [2], 51, 457. 

* Lloyd, J. Physical Chem.y 1913, 17, 264. 

Sudborough, J. Chem. Soc., 1891, 59, 650. 

V. and C. Meyer, Ber., 1879, 12, 1197. 

Castoro, Oazzetta, 1898, 28, ii, 317. 

Beckmann, Zeitsch. anorg. Chem., 1906, 51, 236. 

Braun, Pogg. Annalen, 1874, 154, 190 ; Graetz, Wied. Annalen, 1890, 40, 26 ; Lorenz, 
Zeitsch. anorg, Chem., 1895, 10, 78; Schultze, ibid., 1899, 20, 331 ; Griinauer, loc. cit., 
389. 

Regnault, Ann. Chim. Phys., 1841, [3], i, 155. 

Berthelot, ibid., 1875, [5], 4, 189. 

Pickering, Trans. Chem. Soc., 1888, 53, 865. 
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Accordin^y to Myliiis and Dietz, zinc chloride can crystallise out with 
1 or 1 J or 2i or 3 or 4 molecules of water. ^ 

The trihydrate, ZnClg.SlIgO, separates in large crystals, when a solu- 
tion containing 70*5 per cent. ZnClg c^oolcd for twenty-four hours at 
0^ C.'-* The crystals are hygroscopic rhombic tablets that begin to melt 
at 4“ or 5^" C., and form a homogeneous liquid at 9"" C.^ 

The needles of a dihydrate said to be obtained by cooling a saturated 
solution to -“20"' C. ^ are doubtful.^ 

The hydrate, ZnC'l 2.1^1120, was obtained in bulky crystals by 
evaporating a solution of zinc chloride over phosphorus pentoxide.^ 

A bluish-white mass of zmcoso-zincic chloride, ZiiyClg, results from 
the solution of metallic zinc in molten zinc chloride. It is very hygro- 
scopic, rapidly hvdrolysed by water, and is |)robably best formulated 
as ZnC1.2ZnCl2.« 

Deliquescent rhombic crystals of the acid salt, 2Zn(!J2.n(!1.2H20, 
se})arate from a solution of zinc chloride into which hydrogen chloride 
has been passed when tlu; density of the liquid at 25° C. is 2. At 100° C. 
they lose HCl, and anhydrous ZnC^ is in contact with a concentrated 
solution of the salt and hydrochloric acid. If this mother-liquor is 
treated with hydrogen chloride more crystals separate, and finally, if 
the li([uid is saturated with hydrogen chloride and cooled to 0° C., long 
needles of ZnCl2.llCl.2H2D crystallise. These readily lose hydrogen 
chloride in dry air and form 2ZnCl2.HCl.2H2O.’ 

Compounds of Zinc Chloride with Ammonia 'V\\ q. diamnioniate 
ZnCl2.2NH;j is formed in the active Leclanche cell.®’^ It can be 
prepared by passing ammonia gas into an alcoholic solution of zinc 
chloride, or by passing ammonia into a hot eoncentrated aqueous 
solution ol' zinc chloride, and, after cooling to separate the less 
soluble tetrammoniate, ZnC’l2.4NH3.H20, crystallising the mother- 
liquor.^ The rhombic crystals are stable in air, insoluble in water or 
alcohol, and soluble in acids, ammonia, caustic alkalies, and ammonium 
chloride. Boiling water decomposes them.^*^^ It can also be prejjared 
by adding ammonia to cold dilute zinc chloride solution, by dissolving 
freshly precipitated zinc hydroxide in ammonium chloride,^ and by 
heating more highly ammoniated zinc chlorides. distils when heated 
into glassy, hygroscopic monammoniate, ZnClg.NH-^.i® 

The last named is very stable under heat, and is produced 
when ammonia acts on hot zinc chloride. Water decomposes it 
into ZnCl2.2NH3 and an oxychloride of zinc.^‘^ 

The more unstable tetrammoniate, ZnCl2.4NH3.H20,‘^’^2 pent- 
ammoniale, ZnCl2.5NH3.H20,^^» have been prepared: the former in 

^ Mylius and Dietz, Ber., 1905, 38, 921. 

Engel, CompL rend., 1886, 102, llll ; Dietz, Bcr., 1899, 32, 90 ; Mylius and Dietz, 
loc. cit. 

® Lubaraki, Zaitsch. anorg. Chem., 1898, 18, 387. Thej' melt at 7° C. acjcording to 
Engel, he. cit. 

* Etard, Ann, Chim. Phys., 1894, [7], 2, 536. 8ee Engel, he. cit. 

® Engel, he. cit. ® Datta and Sen, J. Amer. Chem. Soc., 1913, 35, 781. 

^ Engel, he. cit,, 1068. 

® Davis, Jahresber., 1876, 253 ; Jaeger, Ber., 1902, 35, 3405. 

® Thoms, ibid., 1887, 20, 743. Kwasnik, Arch. Pharm., 1891, 229, 310. 

“ Marignac, Jahresber., 1857, 217. 

>2 Kane, Ann. Chim. Phys., 1839, [2], 72, 290. 

Divers, Chem. News, 1868, 18, 13. 

Andr^., Ann. Chim. Phys., 1884, [6], 3, 66. 
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pearly leaflets by saturating an aqueous solution of /ine chloride with 
ammonia gas and cooling, the latter in octalu'dra by cooling a solution 
of zinc chloride in ammonia after passing ammonia gas. Tsambert ])rc- 
pared ZnClg.ONHg and examined the heats of formation of the amrnoni- 
ated zinc chlorides.^ 

Various other compounds have been reported. ^ 

The heoranimoniate ZnClg.dNHg is apparently form(‘d when zinc 
chloride absorbs ammonia gas at —18® C. At ordinary temperatures 
less ammonia than corresponds to this formula is absorbed. It decom- 
poses at 57-5° C.- -at about C. the tetrammnniaie is formed, which 
decomposes at 92° C-. and loses increasing quantities ol* ammonia as the 
temperature rises. At about 98° C. tla^ composition of the residing 
approximates to ZnCl2.2NII.j.''’ 

The following double chlorides of zinc hav(‘ been describ(‘d : 
LiCl.ZnCl2.3H2O and 2LiCl.ZnC1.2.2H.,0; « 3LiCl.ZnCl.,.10lL>O may 
exist ; 6 2Na(1.ZnCU.3ll20 ; ’ KC1.ZnCl2.2lI.,0 « “and “ 2KCi. 
ZnCla ; ^ 2NIl4Cl.ZnCl. ; 15 “;jNip^CI.ZnCU ; 

2llbCl.ZnCl2 ; 2CsCl.ZnCl2«’ aCsCl.ZiiC^^Cl. ; CaCfa-ZnCl.,. 

5ITT2O 20 and 2CaCl2.ZnCl2.Cll20 ; SrCL.ZnCl.,.4lL>0 20 and 
SrCl2.ZiiCl2;‘^' BaCl2.ZnCU2.HI2O ; 21, 22 MgCl2.Zn(Uo.f)Il2() ; ZnCl.,. 

PtCl4.()Il20.24 

Zinc Oxychlorides. V^arious oxychlorides havT been described.^* 
but Driot,26 hy determinations of the solubility of zinc oxide in a(|ueous 
solutions of zinc chloride, could only identify ZnCl2- l^ZnO.GlIgO and 
ZnClg.ZnO.lillgO. The former was isolated as an amorphous i)owder, 
losing 5 molccul(‘s of water at 200° C., and the latter as microscopic 
crystals, losing 1 molecule of w^ater at 230° C. and decomj)osing at a 
higher tem])erature. 

Zinc Bromide, ZnBrg. — The |)ure salt has been prcj)ared by dis- 
solving pure zinc in j)ure hydrobromie acid or by dissolving pure zinc in 
jnire bromine. The salt w^as purilied by crystallisation, sublimation in 

‘ Isamborfc, Cow/pt. re:nd., 66 , 1261 ; 1878, 86 , 968. 

® Kane, he. cit. Anilre, loc. cit. 

^ Tassilly, Ann. Chim. Phys.^ 1899, j7], 17 , 02. 

Ephraim, Ber., 1919, 52 , 9 o 7 . 

^ Ephraim, Zeitsch. anorg. Chem., 1908, 59 , 56. 

’ Marignac, Jahresber.t 1857, 219. 

® Pierre, Ann. Chhn. Phyfi.^ 1846, [3], 1 6 , 248. 

® Rammelsberg, Pogy. A nnalen^ J 855, 94 , 507. 

Naumann, iler., 1904, 37 , 4339. 

Jones and Ota, Anier. Ghem. J., 1899, 22 , 7. 

Rudorff, Ber.t 1888, 21 , 3048. 

B 6 herain, Bull. Soc. chim.^ 1861, [1], 3 , 81. 

Boedeker, Jahresber.^ 1860, 17. ''* Romanis, {bid., 1884, 79. 

Meerburg, Zeitsch. anorg. Ghem., 1903, 37 , 199. 

Baxter and Lamb, Aimr. Ghem. J., 1904, 31 , 229. 

Ooddefroy, Ber., 1875, 8 , 9. 

Wells and Campbell, Zeitsch. anorg. Ghem^ 1894, 5 , 273, 

Ephraim and Model, ibid., 1910, 67 , 379. 

8 andonnini, Atti R. Accad. lAncei, 1912, [v], 21 , ii, 524. 

Warner, Ghem. News, 1873, 27 , 271. 

Warner, ibid., 1873, 28 , 186. 

Topfloe, Jahresber., 1868, 273 ; Eberhard, Arch. Pharm., 1917, 255 , 65. 

Schindler, Ann. Mag. Pharm., 1831, 36 , 45; Kano, Ann. Ghim. Phys., 1839 [ 2 ], 72 , 
296 ; Andr 6 , ibid., 1884, [ 6 ], 3 , 93 ; Mailhe, BuU. Soc. chim., 1901, [3], 2$, 786 ; Tassilly 
A7m. Ghim. Phys., 1899, [7], 17 , 72. 

Driot, Compt. rend., 1910, 150 , 1426, 
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an atmosphere of carbon dioxide, and heating in nitrogen or carbon 
dioxide containing some hydrogen bromide.^ Distilled zinc has also 
been heat(*d to just above its melting-point in hydrogen bromide. The 
zinc bromide vvliieh distilh'd over was redistilled.^ 

Bromine water converts zinc into the bromide with the evolution of 
heat, and the anhydrous salt also results from the action of bromine 
vapour on zinc heated to redness. ZnBrg is very deliquescent, melts to 
a clear liquid, sublimes in white vapours at a red heat, and its taste 
is both sweet and astringent.^ The anhydrous substance crystallises in 
white rhombic needles,^ with a density of 4-22 at 20"^ C. (compared with 
water at 4° which melt at 394® C. ® and boil at 650® €.’ Its 

heat of formation at 390® C. is 80*100 Cal.^ The fused salt is a good 
electrolyte.® 

Zinc bromide is very soluble in water. When cooled to - 25® C. an 
80 per cent, solution deposits ncedle-shaj)ed crystals of the trihydrate. 
Octahedral crystals of the dihydrate st^parate when an 86 per cent, solu- 
tion is cooled to 0® C. They melt at 37° C. The following solubilities, 
in grm. ZnBrg per 100 grm. solution, have been determined : - 


ZnBrg. 


Temperature, ® C. 

35 

40 

60 

80 

100 


Solubility 

83*45 

85-53 

86*08 

86*57 

87*05 




ZnBr2.2H20. 




Temperature, ® C. 

-8 

0 

+13 

+25 

+ 30 

+37 

Solubility 

79*06 

79*55 

80-76 

82*46 

84*08 

86-20 



ZnBrj.SlI.O. 




Temperature, ® C. 

-15 

—10 

-5 




Solubility 

77*13 

78*45 

80-64.1* 





Its aqueous solutions are strongly ionised, and their conductivities 
are lowered by the addition of non-electrolytes.^^ 

Zinc bromide is also soluble in alcohol or ether,® and its molecular 
weight in boiling quinoline corresponds to the formula ZnBrg.^® 

[ZnBrg] +400Aq. ^ZnBr^. Aq. +15*030 Cal.^^ 


^ Richards and Rogers, Zeitsch, anorg. Ghem.^ 1895, lo, 1 ; Baxter and Grose, J, Amer, 
Ch&m, Soc.f 1916, 38 , 868 . For rate of action of bromine on zinc, see Charpy, Compt, 
rend.y 1891, 113 , 697. 

* Baxter and Hodges, J. Amer. Chem. Soc,, 1921, 43 , 1243. 

® Berthemot, Ann. Chim. Phys.^ 1830, [ 2 ], 44 , 388. Baxter and Warren {J, Amer, 
Chem, Soc., 1911, 33 , 340) have investigated its efficacy as a drying agent. 

* Ortloff, Zeitsch. j)hysiilcal. Chem., 1896, 19 , 210. 

Boedeker {Jahreeber., 1860, 17) found 3*64.3. 

® Camclley, Trans. Chem. Soc., 1878, 33 , 277 ; Dietz, Zeitsch. anorg. Chem., 1899, 20 , 252. 

’ Freyer and Moyer, Ber., 1892, 25 , 633. Camelley and Williams {Trans. Chem. Soc., 
1878, 33 , 283) found 695^-699® C. 

® Czepinski, Zeitsch. anorg. Chem., 1899, 19 , 208. 

® Graetz, Wied. Annalen, 1890, 40 , 26. 

Dietz, Zeitsch. anorg. Chem., 1899, 20 , 247. Ljubarski {Zeitsch. physikal, Chem., 
1897, 23 , 557) described a trihydrate. For densities of solutions, see Kremers, Pogg. 
Annalen, 1869, 108 , 122 ; Gerlach, Zeitsch, anal. Chem., 1869, 8 , 256. 

Jaeger, Monatsh., 1887, 8 , 723. 

Arrhenius, Zeitsch. physikal. Chem., 1892, 9 , 487. 

Beckmann, Zeitsch. amrg. Chem., 1906, 51 , 236. 

Thomsen, J, prakt, Chem., 1877, [2], 16 , 323 ,* Ber., 1877, 10 , 1017, 
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Andre ^ has described some oxyhromides of zinc. 

Compounds of Zinc Bromide with Ammonia, — lianiinelsber^? obtained 
oetaliedral crystals of the diainnioniate ZnHr2.2NH3 by evaporating a 
solution of zinc [)romidc in warm ammonia.*^ Accordin^^ to Andre, 
their formula is ZnBr2.2NH3.II2O. Andre also obtained 3ZnBr2.SNri3. 
2H2O in fine needles by evaporating a solution of zinc bromide in warm 
ammonia, fine needles of 3ZnBr2.lONn3.H2O by passing ammonia gas 
into a concentrated solution of the salt till the ])reeipitate first formed 
dissolved, and evaporating, and the pentamrnoniatc ZnBr2.5NH3 in 
brilliant crystals by a method corresponding to the pn^paration of 
ZnC l2.5NH3.2H2O by Divers.4 

All these eom]30unds ar(i deciomposed by water. 

Zinc bromide hexamnioniate, ZiiBro-GNIIg, results when ziiui bromide 
absorbs ammonia gas at -18" C. It decomposes i\t (>2 C., and about 
4 higher forms the tetrammoniate^ that begins to d(‘(*()inpos(i at 143 ’ C. 
The composition of the residue at 148'^ C. (rorn^sponds to tlui 
diammoniate,^ 

The following double bromides of zinc hav(‘ been jirepared : NaBr. 
ZnBr2.H20 ; « 2NaBr.ZnBr2.5IL6 ; « KBr.ZnBro.2HoO ; « 2KBr. 
ZnBr2.2H20 ; « 2CsBr.ZnBr2 ; ^ 3C sBr.ZnBio : ^ NH jBr.ZnBrg. 
XH2O ; « 2NHiBr.ZnBr2 ; » 2NH4Br.ZnB1C.H2O ; 3NH jBr. 

ZnBra;^' 3NH4Br.ZnBr2.H2O/ ZiiBivPtBr,!.! 2620.12 

Zinc Iodide. — Vigorous action occurs when water is dropped on a 
mixture of zinc dust and iodine, and solutions of zinc iodide have* 
usually been prepared in this way.i^^ Anhydrous ZnL, s(‘parates at 
ordinary temperatures from its aqueous solutions that hav(‘, been 
saturated at 100° C’.i^ 

It forms octahedral crystals, of density 4'G9(),i‘‘ that melt at 
44G° Unlike the chloride and bromide, it is readily oxidised by 

nitrogen })croxide 1® and by warming in the air - -if the air is moist the 
reaction occurs at ordinary temperatures. 

Fused zinc iodide conducts electricity. 1® 

The formula Znl2 is indicated by the boiling-points of its solutions 
in quinoline. 2® 


^ Andre, Conipt. rend., 1883, 96 , 70.3. 800 Tassilly, Ann. Ohhn. Phys.. 1890, f7 j, 17 , 

* Karnmeisberg, Pogg. Annalniy 1842, 55 , 240. 

® Andre, Ann. Chini. Phys.y 1884, [oj, 3 , 99. 

^ Divers, Chem. News, 1868, 1 8 , 13. See Tassilly, he. cit.y 96. 

® Rphraim, jScr., 1919, 52 , 957. 

® Rphraim, Zeiheh. anorg. Chem.y 1908, 59 , 56. 

’ Wells and Campbell, ihid.y 1894, 5 , 273. 

® Boedeker, Jahre^ber., 1860, 17. 

® Tassilly, loc. eit., 97. 

Andre, he. cit.y loi. 

Jones and Knight, A7ner, Cheni. J., 1899, 212, 130. 

Topsoe, JahreiHber., 1868, 273 ; Eberhard, Arch. Phimn., 1917, 255 , 65. 

Bodroux, Bull. Soc. chim.y 1902, [3], 27 , 349. 

Lubarski, Zeitsch. anorg. Chem.y i898, 18 , 387. 

Dietz, ibid.y 1899, 20 , 250. 

Boedeker, Jahreftber.y 1860, 17. 

Camelley, Trans. Chetn. Soe.y 1878, 33 , 278. 

Thomas, Ann. Chim. Phys.y 1898, [7], 13 , 222. 

Oraetz, Ann. Phys. Ohmn.y 1890, [2], 40 , 18. 

2 ® Beckmann, Zeitsch. anorg. Chem.y 1 ^) 6 , 51 , 236. 
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Zinc iodide is very soluble in water, ^ and the dihydrate separates in 
hy^frose()|)ie ])risniatie crystals when an 83-5 per cent, solution of Znig 
is cooled to -S'" C. They melt at 27^' C. and form the anhydrous salt.*-^ 
The exist(‘nee of a trtra hydrate^ is doubtful.^ 



Fi«, .*1. — Solubility curves of the zinc halides. The tenijMiratures appended for the 
anhydrous salts represent melting-points. 


The followin^y solubilities have been determined in i^rm. Znig per 
100 ^rm. solution ^ : — 

Znl2.2ll20. 


Temperature*, “ ( 

’. -10 

—5 

0 

+ 10 

'f 22 

+27 

Solubility 

80 5 

80*77 

81*16 

82*06 

83*12 

89*52 




Znl^. 




Temperature, ° C 

'. 0 

+ 18 

+ 40 

f 60 

1 80 

+ 100 

Sohd)ility 

8M1 

81*20 

81*66 

82*37 

83*0.5 

83*62 


fZnLJ + 

Aq. -Znlg.Aq. + 11 

•300 Cal.4 



Compounds 

of Tiinc 

Iodide 

xvith Ammonia.- -Dry 

Znla 

absorbs 


ammonia gjas to form the white j^^'^dammoniate, ZnIg.SNHg, which is 
decomposed by water. Rhombie prisms of the tetrammoniate, 

4NI1.J, decomposed by warmth or moisture, are obtained by dissolving 
the anhydrous salt in ammonia solution and evaporating. Tassilly 
obtained crystals of SZnIa.SNILj.SHgO by heating zinc oxide with con- 
centrated ammonium iodide solution, filtering, and crystallising.^ 

Zinc iodide hexammoniate, ZnIg.GNIIg, can be obtained, even at 
ordinary temperatures, by allowing zinc iodide to absorb ammonia gas. 
It decomposes at 65° C. — the tetrammoniatc being finally produced 
which decomposes at higher temperatures and forms the diammoniaU 
at 199° C.« 


^ For densities of solutions, see Gorlach, Zeiisch. anal. Chem., 1869, 8 , 285. For 
conductivity data, see Jaeger, Monatsh., 1887, 8 , 723. 

® Dietz, Zeitsch. anorg. Chern., 1899, 20 , 250. ® Lubarski, ibid., 1898, i 8 , 387. 

♦ Tassilly, Ann. Chim. Phys., 1899, [7], 17 , 79. 

Rammelsberg, Pogg. Annalen, 1839, 48 , 152; 1853, 90 , 19 ; Tassilly, he. cit., 97. 

® Ephraim, Rcr., 1919, 52 , 957. 
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The I'ollowiu^^ double iodides of zinc are known : N'aJ.ZnLj.liTIaO ; ^ 
NaI.Z11I2.2H2O ; 2Nal.ZnI2.3H2O ; 3’ 4 Kl.Znla ; ^ 2 kLZnl 2 ; ^ 
2KI.Zr1l2.2H2O; 2 ‘2CsI.Znl2;i’3 3CsI.Znl2;' NHJ.ZnL,. IJH2O ; 2 
2NH4l.Znl2 ; CaI2.ZnI2.8H2O ; 2 Srlg.Znl^.OlKO ; 2 Bal,.Zul,. 

^pioO.^ . - . - 

Tassilly has descrihc'd some oiyludides of zinc.^ 


OXYHALOCiKN COMPOUNDS OF ZINC. 

Zinc Hypochlorite. — A solution obtained by dissolvdn^r zine oxide 
or iiydroxide in hypochlorous aeid or ehloriiu‘ water deeoloriscs indium 
and readily decomposes.^ 

Zinc Chlorate has Ixhmi |)re])ared by dissolvino- zine carbonate in 
chloric aeid, and by interaction between (‘ithcr zine sulj)liate and barium 
chlorate or zine (luosilieatc and jiotassium (rhiorate in solution.'^ 

Vanquelin described the crystals as oetaluxlral, and Meuss(‘r as 
belon^fint^ to tht! monoelinic systtmi. They are very soluble in water, 
and crystallise as Zn(C103)2.()Il20 or Zn(C10;j)2- HIoO. The transition 
tem})eraturt‘ from the Z/euv/- to tetra-infdrnte is Id a' 15'^ C. The 
dihijdrute, if it exists, is mor(‘ dillirailt to isolate.^ 

Zinc Perchlorate. I)elk|ucseent prismatic crystals arc obtained 
by double decomposition between zinc sulphate and barium perchlorate. 
They dissohe in alcohol.^" Salvadori has obtained tlie hydnifes 
Zn(C104)2.GH20 and Zn(CIO.,)2. HIgO, and the compound Zji(C104)2. 
4NH;}. Both hydrates are stroii^jfly hy^roscopie, and dc(tompose on 
heatini* befon‘ all water is eliminated. The ammonia compound is not 
very stable.^’ 

Zinc Bromate. Crystals of the heivahi/drate Zn(Br03)2.(>H20, 
efllorcscent iu vacuo, are obtained by (iva[)oratin,i( a solution of zine 
oxide in bromic acid. l)eli(|uescent, unstabh* crystals of Zn(Br03)2. 
;3H20.2NH.3 were obtained by addin<f ammonia to a solution of the* salt. 
Zinc bromate is soluble in its ow n weight of water at 15 ' C.,*2 
density is 2-50(1. 

The crystals, forjiual by slow cooling’ or eva[)oration, are mostly 
octahedral in habit. 

Zinc lodate, Zn(I03)2.2H20, is obtained as a white crystalline 
l)owder by interaction between sodium iodate and a zinc salt. It is 
s])arin^ly soluble in waterd^ but a V(‘ry solul)le modilication may exist. 


^ Wells aad (^arnpbell, ZdUch. anonj. Chem., 18U4, 5 , 27.‘]. 

Ephraim aiui Model, ibid.^ 1910, 67, 3H2. 

“ E]>hraim, ibid,, nK)8, 59 , 50. 

* Rammelsberg, Pogg. Annalen, 1888, 43 , 00.5. 

® Tassilly, Ann. Chii/t. Phy^., 1899, [7], 17 , 70. 

® (Irouvelle, ibid., 1821, [2], 17 , 40 ; Balard, ibul., 1834, [2], 57 , 297. 

’ Vauquelin, ibid., 1815,95, D3; Wimry, J.->P1uirm. Ghim., 1839, 25 , 269; Wachtcr, 
./. prakt. Ghem., 1843, 30 , 321, 

® Meiisser, Her., 1902, 35 , 1410. 

® Meussor, he. cit. SeeMylius and Funk, Per., 1897, 30 , 1718. 

S(h-ullas, Ann. Ghim. Phy^t., 1831, [2], 46 , 305. 
iSalvadori, GazzeXta, 1912, 42 , i, 458. 

Rammelsberg, Pogg. Annalen, 1841, 52 , 89. 

Ortloff, Zeitsch. physikal. Ghem., 1890, 19 , 211. 

Wyokolf, A7ner. Ghem. ./., 1922, [5J, 4 , 193. See Rammelsberg, he. cit. 
Rammelsberg, Pogg. Annalen, 1838, 44 , 503. 

Mylius and Funk, Ber., 1897, 30 , 1723. 
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It can also be prepared by dissolving zinc or zinc carbonate in 
aqueous hydriodic acid, and needle-shaped crystals of the anhydrous 
salt are said to be obtained by crystallising in the j)resencc of much 
nitric acid, or evai)orating at 00* •* ^ C. a solution of the iodate in phosphoric 
acid. 

The dihydrate loses its moisture at 200° C., and decomposes at a red 
heat into iodine, oxygen, and zinc oxide. 

Efllorcscent rhombic prisms, decomposed by water, of J 3 Zn(I 03 ) 2 . 
8NII3, an* ol)tained by dissolving zinc iodate in concentrated ammonia 
solution, and either adding alcohol or allowing the solution to evaporate 
s])ontaneously. Another comj)ound with ammonia, insoluble in water 
and stable in air, has been obtained by slow eva})oration of an 
ammoniacal solution of zinc iodate. It decomposes explosively at 
150° C. Dry powden^d zijie iodate absorbs ammonia gas to form 
Zn( 103 ) 2 .lNH 3 .i 

Zinc Periodate. — Various compounds of the type xZn 0 .yl 207 . 
zllgO have been prcj)ared by treating zinc oxide or carbonate witli 
|)eriodic acid, or by |)reeipitating zinc salts with alkaline periodates. ^ 
The white |)rcci})itate given by potassium periodate with solutions of 
zinc salts is soluble in ammonium chloride and ammonia in the cold. 
Boiling causes j)rccipitation.‘^ 

ZIN(^ AND OXYGEN. 

Zinc Oxide occurs naturally as zincMv or red zinc ore crystallised 
in the hemimorphic group of i.lie hexagonal system, with a hardness 
of t 1-5 and a density of 5-5 -5-55.^ 

Zinc oxide is prepared on the large scale by heating the metal to 
near its boiling-})oint. The va])ours burn in the air and a white woolly 
mass of oxide condeiises. It has been known under various names : 
pompholijc and nix alba, or philosophical wool, in aficicad times ; zinc 
ivh ite, and occasionally flowers of zinc, in Jiiodern. 

Proj)osals have l)cen made to prepare it commercially by heating 
zinc sul[)hate or various zinc minerals with carbon,^* and by electrolys- 
ing a solution of sodium sulphate between zinc electrodes. The zinc 
hydroxide formed in the latter process is finally calcined to the oxide. 

Amorphous zinc oxide is also obtained by igniting zinc hydroxide or 
carbonate.® 

A crystalline oxide results from igniting zinc nitrate,’ and zinc oxide 
also sublimes in crystals when {a) zinc is heated to redness in a current 
of steam;® (5) zinc chloride is heated in a current of steam;® (e) zinc 
oxide is heated in a sloxv current of hydrogen ; (d) zinc oxide is heated 

• Ditte, Ann, Chim. Phys., 1890, |tij, 21 , 163. 

2 Langlois, ibid., 1852, [3], 34 , 269 ; Raiiimelsberg, Per., 1868, i, 73 ; Pogg. Annalen, 
1868, 134 , 516. 

^ Benedict, Amer. Chem. J., 1905, 34 , 581. 

^ Ortloff, Zeitsch. physikal. Chem., 1896, 19 , 209. 

^ Darlington, Chem. Zentr., 1863. 957; Kampe and Schnabel, ibid., 1897, ii, 880. 

•* liegnault {Ann. Chim. Phijs., 1836, [2], 62 , 351) said that zinc oxalate gave ZnO 
when heated in a closfid vessel. 

’ Briigelmann, Zeitsch. anal. Chem., 1880, 19 , 283, 

^ Regnaiilt, loc, ciL, 350. 

® Daubree, Compi. rend.. 1854, 39 , 153. 

DevilJe, Ann. Chim. Phys., 1855, j3j, 43 , 477. A rapid current reducc.s the oxide 
to metal. 
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in a current of oxygen ; ^ {e) zinc oxide is volatilised in the electric 
furnace.^ 

Gorgeu, by heating zinc sulphate with an alkaline sulphate, obtained 
transparent, nacreous, greenish-yellow or greenish hexagonal prisms 
that belonged to the hexagonal system and were identical with zincite 
in hardness and density. He also obtained good crystals by heating 
equal parts of zinc lluoride and potassium iluoride in the presence of 
steam.** 

The artificial crystals are usually hexagonal, though some crystals, 
artificially produced during the distillation of zinc, belong to the regular 
system.^ Moissan obtained his crystals in long transparent needles.^ 

According to Driigelmann,*'* the density of amorphous zinc oxide, 
prepared by igniting the hydroxide or carbonate, is 5* 17, and of the 
crystals obtained by igniting the nitrate, 5-78. 

The specific heat of zinc oxide has Ix'cn given as 0- 12480.® 

Ordinary amorj)hous zinc oxide is a white powder with a creamy tint, 
tliat goes yellow when hot and white again on cooling. The y(;llow tint 
in some (!omniercial samples has been traced to cadmium sulj)hide.’ 
Zinc oxide has been said to lose part of its oxygen on heatitig, and the 
yellow lower oxide to remain stable if no oxygen is [)rc‘sent during cool- 
ing.® Crystalline samples often liave a yellow tinge.** The yellow 
colour is said to a])}>ear whether the oxide is heated in an atmosphere of 
oxygen or carbon dioxide or nitrogen, or in a partial vacuum.^® 

At 18° C., 230,000 parts of water dissolve 1 part of zinc oxide.** The 
[)r(‘cipitated oxide rc^tains small quantities of moisture at high tempera- 
tur(is.*** Even after ignition it dissolves in ammonium chloride solution 
or in a solution of ammonia and ammonium carbonate.*® Acids readily 
dissolve it. 

Hydrogen begins to reduce zinc oxide at 45 C.,*"* and the reduction 
can be carried to completion in dry hydrogen,*® though the reversible 
character of the reaction 


Hjj+ZnO^Zn+HgO 

renders this diflicult.*® Zinc oxide is also reduced by carbon at a red 
heat and by heating with magnesium.*® 

The reduction of zinc oxide by carbon is metallurgically important. 

^ 8 idot, Gompt. mwi., 1869, 69 , 201. 

2 Moissan, ibid.y 1892, 115 , 10‘16 ; Afin. Chim. Phys.y 1895, [7J, 4 , 148. 

® Gorgou, Gompt. rand.y 1887, 104 , 120. 

^ Weber, Jahresber.y 1858, 182. See Laurent and Holms, Ami. Ghim. Phys.y 1835, 
[2J, 60 , 333. 

^ Briigelrnann, Zeitsch, anal. Ghent. y 1880, 19 , 283. 

® Regnault, Ann. Ghim. Phys.y 1841, [3], i, 173. 

’ Fuchs and SchilT, J. Soc. Ghent. Ind.y 1896, 15 , 363. 

® Schiipphaus, ibid.y 1899, 18 , 987. 

® de Forcrand, Ann. Ghim. Phya., 1902, [7], 27 , 37. 

Annalen, 1834, 9 , 165. 

Dupre and Blalas, Zeitsch. angew. Ghem., 1903, 16 , 64. 
de Forcrand, Ann. Ghim. Phya., 1902, 17], 27 , 29. 

Tambon, Bull. Soc. chim.y 1907, [4], i, 823. 

Glaser, Zeitsch. aytory. Ghent., 1903, 36 , 25. 

Gillet, Bull. Soc. chim. Belg., 1912, 26 , 106. 

Deville, Ann. Ghim. Phys., 1855, [3], 43 , 477 ; Ditte, Gompt. rend., 1871, 73» 198. 
Desormes and Clermont, Ann. Chim. Phya., 1801, UJ, 39) ^9. 

Winkler, Ber., 1890, 23 , 120. 
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According to Boudouard,^ carbon monoxide is tlie immediate agent of 
reduction. The reduction of zinc oxide by carbon monoxide begins at 
a lower temperature than the reduction by carbon in an atmos])herc 
of nitrogen.^ According to Lemarchands, zinc oxide can be reduced 
directly l)y carbon, and the reduction of the oxide is Jiormally effected 
simultan(M>usly by carbon and carbon monoxide.^ The amount of 
c*arbon entcrii\g into the reaction is intermediate between the quantities 
required by 

ZnO fC-ZnfCO 


and 


2ZnO + C - 2 Zn+C() 2 , 


because the reduction ol‘ zinc oxide by carbon inonoxicU; 


ZnO I CO -Zn f CC )2 

is more rapid than the reduction of carbon dioxide l)y carbon."* The 
reaction 

ZnO t C:^=^Zn+CO 


proceeds from left to right at GOO'' C. The r(!\'(Tsc T'(‘action is only 
observable at much higluT temperatures. Carbon monoxide* can reduce 
zinc oxide at temj>eratures as low as 350°-400" C.*^ 

Zinc oxide and carbon are converted into zinc vaj)our and carbon 
monoxide at 1033^ C.^ 

Sul})hur dioxide has no action on heated zinc oxide,** but clilorinc 
converts it into the chloride.’*' 

It is said to dissociate when heated with metallic zinc.*^ 

The heat of formation of zinc oxide has been frequently determined,'** 
and, according to d(? Forerand, it varies from 8()'29 to Cal. for solid 
zinc and gaseous oxygen. A])parently the values are higher, as the 
tcm]HTatures at which the oxide is pn'pared arc greater. This may be 
connected with inen'asing jwlymerisation as the temperature of the oxide 
is raised.^® Dilute sulphuric acid dissolves zinc oxide much less rapidly 
when it has been raised to a red heat than when it has been j^repared at 
350° The strongly heated oxide also dissolves relatively slowly in 

alkaline hydroxides. 

Its lieat of solution in aqueous hydrofluoric acid has been given as 
21-820 Cal. 13 

Zinc oxide is used as a ])olishing powder, especially for glass. It 
is employed in the manufacture of dental cements, crystalliiie glazes, 


^ Boudouant, Hull, Hoc. chim.y 1901, [3], 25, 282. 

^ Docltz and Graumann, Aletallurgie, 1907, 4, 290. 

® l^raarchaiidfl, Bev. MH.y J920, 17, 803. 

* Lemarchands, Compt. rend,, 1920, 170, 805. 

^ Bodenstein and Schubart, Zeitsch. Elekirochem., 1917, 23, 105. 

® 8chiff, AnnaUn, 1801, 117, 94. 

’ Weber, Pogg, Annalen, 1801, 112, 619. 

* Morse and White, Amer. Chein. J., 1889, II, 258. 

® Eavre and Silbermann, Ann, Chim. Phys,, 1853, [3], 37, 441 ; Bulong, ibid., 444 ; 
Andrews, Phil. Mag., 1848, [3], 32, 420 ; Ditte, Jahresher., 1871, 73. 

de Forcrand, Compt, rend., 1902, 134, 1420 ; Ann. Ohm. Phys., 1902, [7], 27, 20. 
Ditte, Compt. rend., 1871, 72, 858. 

Eoerster and Gunther, Zeitach. Elektrochem., 1899, 6, 301. 

Mulert-, Zeitsch. anorg. Chem., 1912, 75, 218. 
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^rJass, and jx)rcelaiii. As a j)ifyincnt it has the aclvaiita^a* over lead eoin- 
pounds of not darkcninjjf under the action of hydrogen siil})hide. 

Zinc ointment, wliieli contains zinc oxide, is a familiar pharmaceutical 
product. 

Zinc Hydroxide. When solutions of caustic alkalic's or ammonia 
are added to solutions of zinc salts, Zn{()ll )2 falls as a white amorphous 
})recipitate which dissolves in excess of tlu' ])reei|)itant.^ It was ob- 
tained in rhombic prisms by allowing ziiur to remain in contact with 
iron or copper under a(pieous solutions oi' ammonia or caustic alkalies,*^ 
or by adding zinc carbonate to an excess of potassium hydroxide solu- 
tion.^ Decquerel obtained colourless octahedra by coiling (*op})er strips 
round strips of zinc and leaving them in a solution of either silicic acid 
or clay in (;austic alkali.'* 

The amorphous variety is dillicult to ol)tain j)ur(‘ by preci|)itating 
zinc salts witli alkali,*’^ but a j)ure ])roduct lias been pr(‘j)ared by treat- 
ing a solution of the nitrate with carbonate-free alkali.^ Pure zinc 
hydroxide can be readily prepared by electrolysing a solution of a salt 
of an alkali metal (such as sodium suljiliate) with a fdatiniim cathode 
and a zinc anode. Zinc is dissolvxxl ])y the anions, and pr(*ci])itation is 
effected, jnore readily if the liquid is agitated, by the hydroxyl ions 
formed at the cathode.'^ Electrolytically |)re])ared zinc, hydroxide has 
occi 1 rred cry stal 1 ine . ^ 

The density of zinc hydroxide* has been given as 

Octahedral crystals of the in on oh t/d rate Zn(01 1 ) 2 . 11.20 have been 
obtained by allowing a saturated solution of zim* oxide* in sodium 
hydroxide to stand for soi\ie weeks.*” According to de Forerand only 
the crystalline variety is the anhydrous hydroxide. This beeom(*s 
anhydrous zinc oxide at 125'' C. in a current of dry air, which combines 
with water to form the crystalline ZnO-IlgO again the heat of solution 
being 2*190 C'al. The amorphous hydroxide* ))repared by ]>recipitation 
of zinc salts with alkalies eorresj)onds, according to tlie (conditions and 
temperature of desiccation, to ;3Zn().5ll20, or aZnO.lJlgO, or 4-Zn0.5I I 2 O. 
Thecse hydrates still retain water wh(*n h(‘ated to 250'' U. (perhaps form- 
ing 5Zn0.2ll20), and even resist a prolonged tem])erature ol' K)0" U. 
The anhydrous ZnO prepared at a red heat gives a numb(*r of diff(*rently 
hydrateel compounds.** 

^ Annalen, 1834, 9, 10.5. The reacitioii between zirie sulx)ha.te and |)otaKsiuiii hytlroxide 
de])end.s u])()n temperature, dilution, and tbe relative masH(\s of tlie react subKtimees. 
See Linebt'rger, »/. Ainer. Chew,. Soc., 189,5, 17, 3.50. According to Pi(!kering {Tram. 
Cheni. Soc., 1907, 91, 1980; Pror. Chem. Soc., liK)7, 23, 201), 0*795 equivalents of the 
alkali completely preci])itate the zinc from its sulj)hatc solution, and the c.ojiijiosition 
of the 2>recipitate is SZnO.SOg. The zinc hydroxidci may ad.sorb 8(.>me zhic sulphate 
(TBchumanoft’, Zeitsch. Chem. Ind. Kolloide, 1911, 9, 230). 

2 Rungc, Pogg. Annalen, 1829, i6, 129 ; Nieklrs, Avti. Chim. Phij.s.. 1848, |3J, 22, 31 ; 
Cornu, Chem. Zeritr.y 1803, 890. 

® Ville, Compt. rend., 1885, loi, 375. 

* Becquercl, Annalerty 1855, 94, 358. 

® Hantzsch, Zeitsch. anorg. Chem., 1902, 30, 298. 

« Euler, Ber.y 1903, 36, 3400. 

’ Lorenz, Zeitsch. anorg. Chem., 1890, 12, 439. See iStreckei*, ZeiMi. Elektrochem.y 
1898, 5, 133. 

® Morel, Chem. Zentr., 1892, i, 375. 

» Filhol, Annnleny 1847, 64, 1.50. 

Becquerel, loc. cit. 

de Forerand, Compt. rend.., 1902, 134, 1428 ; 135, 37. For heat of solution of ZnO, 
also see Massol, Bull. Soc. chim.y 1890, [3J, 15, 1104, 
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The zinc hydroxide precipitated by potassium hydroxide is said to 
become less soluble in the alkali on drying at C.,^ and by the 

action of caustic potash on zinc sulphate three different varieties are 
said to be produced. One of these corresponds to the formula 
2Zn0.H20, and two to ZnO.lIgO : each one is differently soluble in 
potassium hydroxide from the others.'^ 

Zinc hydroxide is very sparingly soluble in water, ^ f)ut the solubility 
is increased by the presence of various salts. ^ 

Its amphoteric character is very marked — both acids and alkalies 
readily dissolving it. Its acid character is less pronounced than that of 
aluminium hydroxide.^ 

Zincates. — Zinc hydroxide dissolves in excess of potassium 
hydroxide. A precipitate falls when the solution (a) stands ; (b) is 
treated with alcohol ; (e) is treated with carbon dioxide ; (d) is diluted 
and boiled.® 

The zinc hydroxide acts as an extremely weak acid, and it has been 
suggested that it exists in alkaline solution largely iu (tolloidal form,’ 
though the electrolysis of these solutions indicates zinc anions.® When 
solutions of zinc hydroxide in sodium hydroxide are dialysed, the ])assage 
of the zinc through the membrane seems to vary with the physical con- 
dition of the zinc hydroxide before solution.® 

A maximum value has been found for the solubility of zinc hydroxide 
in caustic soda when the atomic ratios were Zn : Na=^l : 3. This might 
be due partly to hydrolysis and partly to dehydration of the hydroxide 
by the alkali.^® According to Moir, the solution of zinc liydroxide in 
caustic alkalies is essentially an equilibrium between ziiu^ic* acid and the 
alkali. The reactions 

K^ZnOa-t HaO-KIIZnOg+KlIO-^IlaZnOa f2K110 

are slow, but hydrolysis is finally very complete. Klein found that the 
solubility of the zinc hydroxide was proportional to the alkali pnjscnt, 
and referred the separation of zinc hydroxide on boiling to its conversion 
into a more stable and less soluble form.^^ The differences in solubility 
may be due to both physical and chemical causes.^® 

According to Hildebrand and Bowers, part of the zinc dissolves 
colloidally on the addition of the alkali and the rest reacts as a mono- 
basic acid. Finally, the colloidal particles disappear and the solution 
contains the ion HZnO'g.^^ 

Crystalline potassium zincate, K20.Zn0, has been obtained by cover- 
ing a solution of zinc hydroxide in caustic potash with alcohol. It dis- 

^ Herz, Zeitsch. ariorg, Chem., 1901, 28 , 474. 

a Klein, ibid,, 1912, 74 , 157. 

® Bodlander, Zeitsch. physikal. Cham., 1898, 27 , 66 ; Herz, Zeitsch, amrg, Chem., 
1900, 23 , 227. 

^ Snyders, Ber., 1878, ii, 940. 

® Slade, Zeitsch. anorg. Ghem., 1912, 77 , 457. 

« Anmlcn, 1834, 9 , 177. 

’ Hantzsch, Zeitsch. anorg. Ghem., 1902, 30 , 298. 

* Kreinan, ibid., 1902, 33 , 94. 

» Herz, ibid., 1902, 31 , 459 ; 32 , 357. 

Rubenbauer, ibid., 1902, 30 , 331. 

'I Moir, Proc. them. 80 c., 1905, 21 , 310. 

** Klein, Zeitsch, anorg. Ghent., 1912, 74 , 157. 

^8 Hantzsch, ibid., 1912, 75 , 371. 

Hildebrand and Bowers, J. Amer. Ghem. Soc., 1916, 38 , 785. 
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solved in cold water, and boiling water decomposed it into KgO/iZnO,^ 
The latter compound was obtained crystalline : water appears to decom- 
pose it. 2 Prescott also obtained crystalline corre- 

sponding sodium compound probably occurs in aqueous solutions that 
are not too dilute.^ Zinc has been very generally assumed to dissolve 
in aqueous sodium hydroxide with the formation of Zn(ONa)2,^ and a 
stable 6 'odium zincate, Na2O.ZnO.4H2O, has been described.® 

The two crystalline sodium zincates, H2Na4Zu30(j.l7H20 and 
lINaZn02.3|^H20, were isolated by alcoholic treatment of a solution of 
zinc oxide in strong aqueous sodium hydroxide. The former melted at 
100"* C. and the latter at 300 ° C.® 

Needle-shaped crystals of Zn(01I)(0Na).3H20 have separated from 
a solution of zinc hydroxide in caustic soda which was kept in the 
winter cold."^ 

Some zincoxides that may have the constitution M"(O.ZnOH)2 
f where M"— Ca, Sr, or Ba, have been described.® 

Zinc hydroxide dissolves in excess oi* ammonia.® Uj) to 1880 
several compounds of zinc oxide with ammonia had been reported.’® 
The solutions of zinc hydroxide or oxide in ammonia probably coji- 
tain the complex Zn(NH3)4, or, according to Bonsdorff, the eompl(*x 

A solution described as containing eupranimonium and zinc- 
ammonium hydroxide was used for producing parchment from paper. 

Zinc Peroxide. — Tlienard obtained an incompletely peroxidised 
oxide of zinc by (a) dissolving zinc hydroxide in hydrochloric acid con- 
taining liydrogen ]ieroxide and precipitating with an alkali hydroxide ; 
(b) acting on gelatinous zinc hydroxide with hydrogen peroxide.’® 

Haass precipitated zinc salts with ammonia in the pr(*sence of 
hydrogen ] 3 eroxide and obtained white preei])itates that, after drying 
at 110 ° C., varied in composition between Zn508 and Zn^Or,.’’ 

Kouriloff, by evaporating zinc oxide or hydroxide nearly to dryness 
with dilute hydrogen peroxide solution, obtained a white, finely crystal- 
line powder, to which he assigned the formula Zn02.Zn(0JI)2.^® 

dc Forcrand agitated zinc oxide with hydrogen peroxide solution 
and obtained Zn305.2ll20, Zn305.3H20, and Zn407.4H20 as gelatin- 

^ Laux, Annaleiif 1834, 9 , 183. 

2 Fremy, Cornet, rend.y 1846, 15 , 1106. 

® Prescott, Ghem, New^, 1880, 42 , 31 ; Carrara and Vospigriani, GazzttkVy 1000, 30 , 
ii, 35 ; Herz, Zeitsch, anorg, Ghem., 1901, 28 , 474. 

^ Jordis, Zeitsch. Elektrochem. , 1900, 7 , 469. 

* Goudriaan, Annual Report Ghem. Soc., 1920, ij, 41. 

® Oomey and Jackson, Ber., 1888, 2 I, 1589; Amer. Ghem. J., 1889, ii, 145. 

’ Foersiber and Giinthcr, Zeitsch. EleMrockem., 1899, 6 , 302. 

® Bertrand, Gompt. rend., 1892, 115 , 939. 

® Bonnet, Annalen, 18.34, 9 , 176. 

Bunge, Pogg. Annalen, 1829, 16 , 129 ; Weyl, ibid., 1864, 123 , 3.53 ; Malaguti, 
Gompt. rend., 1866, 62 , 413 ; Prescott, Cheyn. Nhjos, 1880, 42 , 31. 

Konowaloff, .7. Russ. Phys. Ghem. Soc., 1899, 31 , 910; Dawson and McCrae, Trans. 
Ghem. Soc., 1900, 77 , 1239; Kuler, Ber., 1903, 36 , 3400; Bonsdorff, ibid., 1903, 36 , 
2323 ; Zeitsch. anorg. Ghem., 1904, 41 , 142. Herz has determined the solubilities of 
zinc hydroxide in ammonia solutions {Zeitsch. anorg. Ghem., 1902, 30 , 280), and studied 
the dialysis of the solutions {ibid., 1902, 32 , 357). 

Wright, J. Soc. Ghem. Ind., 1884, 3 , 121. 

Th 6 nard, Ann. Ghim. Phys., 1818, [2], 9 , .55. 8 ee J. Ghem. Soc., 1886, 48 , Abs. 20. 

Haass, Ber., 1884, 17 , 2249. 

Kouriloff, Ann. Ghim. Phys., 1891, [ 6 ], 23 , 1891. Prud’homme {Gompt. rend., 1891, 

1 12 , 1374) obtained a mixture roughly corresponding to 2 ZnO-hZnO(OH)j 5 . 
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ous white; precij)itates that became white })owders on drying. They 
wore stable in air, but on heating Zn|07.4H20 to lOO"^ C. it became 
Zn^^O^.SHgO. Jly continued treatment with hydrojiyen peroxide he ob- 
tained ‘iZnOa-^lIgO, vvliieh, liowev(‘r, gradually e})an<red into Zn^Og/ill^O. 

He preferred to formulate these substances as - 

3Zn0.2lL,02. 

SZnO.lL^OH 211202 or HO.Zn.O.Zn.O.Zn.OH } 2II2O2. 

4Zn0.Il20 f 3II2O2 or HO.ZmO.Zn.O.Zn.O.Zn.OII | 31120^. 

ZnOJIgO 4 H2O2 or IlO.Zn.OH t 

Kijkmann described the ])reparation of 3Zn02.Zn(()U )2 by the action 
of 30 ]:)er cent, hydroj^en ])eroxide on an ammoniacal solution ol* /inc 
suljdiate.'^ 

Kazanecky obtaiiu'd a fine crystalline preci])itate of ZnOg.HgO by 
acting with 30 per cent, hydrogen peroxide on alkali zincates. It 
decomposed explosively at 178"" C. He regarded it as 

/O 

Yav: I .2Zn : O : ().3Ho().'* 


VVlien pure zinc oxick* ix^acts with an (‘thereal solution of hydroga;n 
peroxide, th(‘ [)roduet, after drying at GO" 70" C., has the eom[)osition 
Zn, 07.21120. It loses oxygen when heated with water at 100" C., and 
forms ZujjOr^.IloO. Both these' [)eroxides are reddish-yellow powders 
that are stabk; und(‘r ordinary conditions and explode at 212"~210" C. 
Carrasco regarded them as perzincic a(;ids— 


and 


HO.Zn.O.O.Zn.O.O.Zn.O.O.ZnOII 

HO.Zn.O.O.Zn.O.O.ZnOH.4 


Kbler and Krausc' obtained ZnOg.^HgO, which they formulated as 
Zn 

with a dry ethereal solution of hydrogt'ii })eroxide. The white amor- 
phous ])r(‘ci])itate was de(;omposed by acids and slowly liydrolysed by 
water. ^ A similar product was obtained by dissolvijig zinc nitrate in 
concentrated ammonia solution, cooling to —5" C., adding a concen- 
trated solution of hydrogen peroxide, and stirring the filtered })recipitatc 
for some ti nu* with more of the hydrogen })eroxide. The product was 
either moist ZnOg or ZnOg.IHgO.® 

Sjostriim obtained a white ])owder by carefully drying the product 
of the })roloiiged action of the calculated amount of 30 per cent, hydrogen 


< 


.pigO, l>y acting upon a cooled solution of zinc ethyl in dry ether 


1 do Forcraud, Compt. rend., I9i>2, 134 , tiOl ; 135 , 103. Kouriloll obtained similar 
prodiKds (./. jRim. I*hy>s, (Jhnn>. Soc\^ 1890, 22 , 180), but contoiid(*d that they were mixtures 
of ZnO.^ with ZnO and Zn(()H).,, and that only the zinc peroxide ZnOj..Zn(OH)a had been 
jjrovod to exist {Corned, rnid., 1903, 137 , GI 8 ). de Forcrand nipliod to these criticisms 
{(Jompt. rend.y 1904, 138 , 129), 

“ Eijkmann, Chem. Zentr., 190.5, i, 1028. 

* Kazanecky, Phy». Vhmh. Hoc., 1910, 42 , 1452. 

^ (Wraseo, (tuzzHfa, 1911, 41 , i, 16. 

Kbler and Krause, Zeiiftch. artory. Ghent.., 1911, 71 , 150. 

® Riescnfeld and Nottebohm, ibid., 1914-15, 90 , 150. 



ZINC AND ITS COMPOUNDS. 


126 


peroxide solution on freshly ignited zinc oxide. Its composition ciorre- 
sponded to the formula Zn20(0Il)(0.0Il ). It was stalile under ordinary 
conditions and only slowly decomposed by 2N NaflO. 

He concluded that zinc j)erhydrate is usually a mixture of substances 
derived from Zn(OH )2 and HO.Zn.O.ZnOII, and tliat the hydro- 
peroxides are of the types lIO.Zn.O.OH and Za(OH).O.Zn.O.OH.i 
Commercially, zinc peroxide has been prepared by allowing l)arium 
peroxide suspended in water to act on the zinc salt of an acid tliat i’orms 
an insoluble barium salt. The electrolytic preparation, however, is most 
satisfactory. A solution of zinc chloride, neutralised liy adding zinc 
oxide, is electrolysed in a vessel containing a porous dia])hragm, and 
hydrogen peroxide is added to the cathode cell. The precipitated 
hydrated peroxides are carefully dried. ^ 

The commercial product is a dense, yellowish-white [lowdcr of 
density 1-571, and appears to contain about 50 per cent, of ZnOo mixed 
with zinc hydroxide and free moisture. It is very stable dosing only 
water at 100"^ C. and not being decomjiosed by Avater. One part dis- 
solves in 45,500 parts of water. It has strong antise])tic jiropcrties, and 
has the advantage of being odourless and non-irritant. It is soluble in 
acids but is indifferent to mineral hydrocarbons. This last jiropcTty is 
imjiortant for its extensive use in ointments. It is much used in surgery 
and dermatology.^ 

Preparations of zinc peroxide are known under the trade names of 
zinkonaJ^ den n age n, eldogan, and zitw. perhydroL 


ZINC AND SULPHUR. 

Zinc Sulphide, ZnS, occurs naturally as the \"aluable ores wurtzHe 
and zinc blended Zinc blende {sphalerite) crystal lis(‘s in the tetrahedral 
group of the isometric system, with a hardness of 3-5 -4 and a dcaisity 
of 4-05. Wurtzite crystallises in the hemimorphic grouj) of the hexa- 
gonal system, with a hardness of 3-54 and a density of 3-08.^ Both 
minerals vary in colour from dark brown to black — blende being often 
black like coal.^ 

Crystalline zinc sulphide is prepared most directly by subliming the 
amorphous form in an electric furnace.'^ Sinc(' the crystals of zinc sul- 
phide obtained by sublimation are hexagonal, wurtzite a[)parently repre- 
sents the more stable form at high tem})eraturcs.® The transformation 
temperature of blende into wurtzite apparently varies with the associated 
impurities. The reverse change, when the temperature falls, is slow, and 
may occupy two or three days.® The sublimation of zinc sulpliide, 
amorphous or crystalline, has been performed in the preseruje of 


’ Sjostnim, Zeitsch. anorg. Ghem., 1917, lOO, 237. 

2 Hiuz, J. Cham. Soc.y 1904, 86 , Aba. ii, 562. 

2 Foregger and Philipp, J. Soc. Cham.. Itid., 1906, 25 , 300. 

^ Friedei, Compt. rend.y 1861, 52 , 983. 

Sec also Ortloff, Zeitsch. phy.nkal. Cham., 1896, 19 , 208. 

^ For some chemical differences, see Beutell and Matzke, Centr. Min., 1915, 203. 

’ Mourlot, Ann. Ghim. Phi/s.^ 1899, [7], 17 , 532. 

® Deville and Troost, ibid., 1865, [4], 5 , 118; Hautofeuille, Compt. rand., 1881, 93 , 
824 ; Vermeuil, ibid., 1888, 106 , 1105; 107 , 101; Mourlot, ibid., 1896, 123 , 54. 

* Allen, Crenshaw, and Mervin, Amer. J. Sci., 1912, [4], 34 , 341. 
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alumina,^ and in an atmosphere of hydrogen,^ nitroj^en, sulphur 
dioxide, or liydrogen sulphide.^ 

Other methods of obtaining crystalline zinc sulphide (wurtzite) are— 

{a) Heating zinc oxide or silicate in sulphur vapour at a red heat.'* 
(h) Interaction between zinc vapour and hydrogen sulphide.® 

(e) Melting together zinc sulphate, barium sulphide, and calcium 
fluoride.® 

{(1) Action of zinc chloride vapour, diluted with carbon dioxide, on 
some metallic sulphides, esj)ccially tin sulphide.’ 

Crystals of blende are said to be obtained by heating zinc sulphide 
in a solution of hydrogen sul])hide under pressure,® by subjecting zinc 
(diloridc vapour to the action of hydrogen sulphide,® and by the action 
of carbon disul])hide on zinc oxide at a white heat.*® 

White amorphous zinc sulphide is precipitated by passing hydrogen 
sul])hide through solutions of zinc salts. Since it is less soluble than 
the oxide or carbonate, suspensions of these in water are converted into 
sulphide by hydrogen sulphide.** Zinc sul{)hide is perceptibly soluble 
in sodium hydrogen sulphide, *2 freely in mineral acids, and somewhat 
soluble in ammonium chloride on boiling.*® 

The precipitation of zinc sulphide by passing hydrogen sulphide 
through solutions of its salts is not usually quantitative : this is usually 
ex})lained by the reversibility of the reaction 

ZnClg t-UgS^ZiiS f 211CI.*4 

According to Glixelli,*® the reaction 

ZnSO^+HaS-ZiiS+HaSO^ 

is not reversible, partial precipitation arising from false equilibria, and 
prolonged passage of hydrogen sulphide, at ordinary temperature, 
through J and J molar solutions of zinc sulphate, precipitates the zinc 
completely.*® 

When zinc sulphide is precipitated in media in which it is slightly 
soluble, as in the presence of weak acids, it is either crystalline or 
becomes so on standing. According to Villiers, it is soluble in sodium 
hydrogen sulphide at the moment of preci})itation, and passes from this 
itat protomorphique into a crystalline insoluble form with a rapidity 

‘ Haiitefeuille, CornpL rend., 1881, 93, 824. 

* Btiville and IVoost, ibid., 1861, 52, 920. 

» Sidot, ibid., 1866, 63, 188. 

* Sidot, ibid., 1866, 62, 699 ; Friedel, Bull. Soc. chim., 1883, 40, 626. 

® Jjorenz, Her., 1891, 24, 1507. 

® Deville and Troost, Ann. Chim.. Phys., 186.5, [4], 5, 118; Compt. rend., 1861, 52, 920. 

’ Viard, ibid., 1903, 136, 892. 

* Senarmont, Ann. Chim. Phys., 1850, [3], 30, 129 ; Gompt. rend., 1851, 32, 409. 

® Burocher, ibid., 1851, 32, 823. 

Freiny, Jahresber., 1888, 536. 

Nandin and Monthollcm, Gompt. rend., 1876, 83, 60. 

Immerwahr, Zeitsch. BleMrochem., 1SK)1, 7, 482. Accjording to Mc('ay (,/. Amer. 
Ghem. Soc., 1908, 30, i, 376), an unstable alkali thiozincate may be formed when hydrogen 
sulphide acts on alkaline solutions of zinc salts, 
de Clermont, Bull. Soc. chim., 1879, 31, 483. 

Ostwald, J. prakt. Chein., 1879, [2], 19, 468; Schumann, Annalen, 1888, 249, 326. 
Clixelli, ZeiUich. anorg. Ghem., 1907, 55, 297. See Baubigny, Gompt. rend.., 1888, 
107, 1148; 1882, 94, 1183. 

For precipitation of ZnS, see under Estimation of Zinc. 
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which varies with conditions.^ According to Glixelli,^ the j3-snlpliide 
precipitated from alkaline solutions is forty-six times as soluble as the 
a-sul})hide ])rccipitatcd from acid solutions. 

VVhen zinc sulphide is first precipitated in media in which it is very 
insoluble it readily goes into colloidal solution. A colloidal solution has 
been prepared by precipitation with hydrogen sulphide in ammoniacal 
or neutral solution and washing with hydrogen sulphide water, and by 
})assing hydrogen sulphide into an aqueous suspension of zinc oxide. 
The addition of glycerine, or other substances increasing the viscosity 
of the solution, facilitates the formation of these colloidal solutions,^ 
which are milky by reflected and orange by transmitted light. 

Seligmann^ obtains a readily filterable zinc sulphide by heating a 
strongly ammoniacal solution, containing 0-5 grm. zinc in 200 c.c., to 
00^ or 80° C. and adding a slight excess of ammonium sulphide. 

Zinc sul})hide is tinged light brown or grey by exposure to light or 
heating to ()0°-70° C. This behaviour, which may be due to })oly- 
merisation, is promoted by various substances and inhibited by otluTs,'* 
and is important for the use of zinc sulphide as a pigment, whether alone 
or, mixed with finely divided barium sulphate, in lithophonc.® 

The ordinary sulphide, natural or artificial, phosphoresces after ex- 
posure to light. This phosphorescence is affected by traces of other 
metals, but the data seem to be somewhat contradictory.’ A similar 
phosphorescence is also stimulated by exposing the sulphide to the 
action of ozone.® Ajiparently there is no phosphorescence in ordinary 
precipitated zinc sulphide, but if it is heated for about one and a half 
hours at 650°-~9()()° C. it will phosphoresce under light, Bccquerel rays. 
X-rays, cathode rays, and radioactive emanations. The favouring 
conditions for phosphorescent behaviour seem to be semi-crystalline 
condition and the presence of chlorine ions. The latter may strain the 
particles of zinc sulphide by coating them with zinc chloride.® The 
luminescence of crystalline zinc sulphide under X-rays is increased by 
the presence of 1-30 per cent, of cadmium sulphide in solid solution. 

The reaction 

ZnS+HgO-HaS+ZnO 

begins at a dull red heat and is rapid at higher temperatures.^^ 

Oxygen converts zinc sulphide into sulphate at 500° C., and the sul- 
phate decomposes into oxide at higher temperatures. Carbon reduces 

' Villiers, Com'pt. rend., 1895, I20, 98, 149, 188, 322, 498. 

^ Glixelli, he. cit. 

® Winssinger, Jahresber., 1888, 287; Donnitii, Gazzetta, 1894, 24 , i, 219; Muller, Ber.^ 
1904, 37 , 11. 

* Seligmann, Zeitsch. anal. Chem., 1914, 53 , 594. 

Yashichi Nishizana, J. Tokio Chem. Boc., 1920, 41 , 1054. 

® Riederer, J. Soc. Ohem. Ind.^ 1909, 28 , 4Q3 ; O’Brien, J. Physical Ghem., 1915, 19 , 
113 ; Maas and Kompf, Zcitsch. ange.w. Chem.^ 1923, 36 , 293 ; Ronversade, J. Pharrn, 
Ghim.y 1923, 27 , 458. 

’ Griine, /?er., 1904, 37 , 3076 ; Hofmann and Ducca, ibid., 1904, 37 , 3407 ; Jorissen 
and Ringer, ibid., 1904, 37 , 3983 ; Jorissen and Ringer, J. Ghem. Soc., 1906, 90 , Abs. ii, 
448; Tomaschek, Ann. Physik, 1921, [4], 6 $, 189; Ticde and Schleedo, Ber., 1923, 56 , 
674 ; Schmidt, ibid., 1922, 55 , 3988. 

* Schenk and Mir, ibid., 1904, 37 , 3464. 

® MacDougall, Stewart, and Wright, Trans. Ghem. Soc., 1917, iii, 663. 

10 Guntz, ,/. Soc. Ghem. Ind., 1923, 42 , 191A. 

“ Rognault, Ann. Ghim. Phys., 1836, [2], 62 , 380. 
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zinc sulphide to metal at a lii^h temperature — carbon disulphide being 
formed. 

The s]K‘eillc heat of zine blende is alxait 01 2.^ According to 
Regnault,^ tlie s])eeifie heat of zinc sulphide is 012.-KK1. 

|ZnH-[S] -[ZnSj + ^a-O CaJ.^ 

[Zn]-| [S(rhombic)] = [ZnS(cryst. ])H-41 Cal.'^ 

TJie redaction 

ZnS + aCO^-ZnO I SO^H aco 

begins at 750^' C. and is vigorous at 1000'' C.'* 

There arc j)robably no definite hydraUs of zine sulphide/* though 
some liave been rej)ort(‘d.’ 

A white sulphide. ZnS^, is said to be |)recipitated from solutions 
of zine salts by potassium pentasuljjhide, which is decomposed by acids 
with tlie evolution of hydrogen sulphide and deposition of sidphur.® 

An unstable zinc hydrogen sulphide, Zii(lIS)2, may Ix^ produced 
during the aedion of hydrogen sulphide or sodium hydrogen sulphide on 
solutions of zine salts. ^ 

The OiX'y sulphide, 4ZnS.ZnO, occurs naturally as voltzife in globular 
masses with a liardness of 8 3*5 and a density of 4*9 5 0. 

The double sulphides, NaoS.^lZnS, K^S.^ZiiwS, Ag^S.SZnS, and 
CuS.SZnS, have been described.^® 

Zinc Hydrosulphite, ZnS 204 , was first obtained in solution by 
acting on zinc with sulphurous acid,^^ and subsc^quently in minute 
rhombic needles by passing dry sulphur dioxide through a susj)ension 
of zinc in absolute alcohol. A stiff paste has been pre])ared com- 
mercially by the former method. 

It dissolves readily in water, and forms double salts like Na2S204. 
ZnSgO^.^^ A crystalline paste of the double salt, Na2S0.j.2ZnS204, has 
been commercially prepared. 

Zinc Thiosulphate, ZnSaOg. -When sulphur dioxide is passed 
through an aqueous suspension of zinc sulphide, insoluble crystals of zinc 
sulphite separate, 

Zn S + H2SO2 - ZnSOa + HgS, 

that nnally dissolve as the acid sulphite. Some thiosulphate is simul- 
taneously produced : reactive sulphur produced by reaction between 

’ Ortloff, ZeitMch. physikal, Ohem., 1896, 19 , 208. 

Regnault, Ann. Chim. Phifs., 1841, [aj, i, 175. 

Rcrtholot, ibid., 1875, [51, ‘ 4 , 187. 

^ Mixte'T, A 7 m'.r. ,1. /Sci., 1913, [4], 36 , 55. 

® Bacho, Monatsh.. 1910, 37 , 119. 

® (Tlixelli, Zeitsch. anorg. Ohem., 1907, 55 , 297. 

’ Souchay, Zeitfich. anal. Chem., 1868, 7 , 78 ; Berthdot, Anyi. Chim. Phys., 1875, [5], 
4 , 201 ; Baubigny, Compt. rend., 1888, 107 , 1148. 

® Schiff, Annalen, 1860, 115 , 74. 

» Berthdot, A 7 in. G?mn. Phys., 1875, [5], 4 , 187; Thomsen, Ber., 1878, li, 2044. 
Cf. Renversade, J. Pharm. Chim., 1923, 27 , 458 ; Zotta, Monaiah., 1889, 10 , 807. 
Schneider, Pogg. An 7 ialen, 1873, 149 , 381. 

Bornsthen, A nnalen, 1880, 208 , 177. 

Nabl, Mofmtsh., 1899, 20 , 679. 

‘3 J. Chem. 80 c., 1908, 94 , Abs. ii, 185. 

Bazlen, Ber., 1905, 38 , 1060. 

J, Chem. 80 c., 1910, 98 , Abs. ii, 411. 



ZINC AND ITS COMPOUNDS. 


129 


the hydrogen sulphide and sulphur dioxide ^ acts on the acid sulphite 
according to the equation 

Zn (H SO3 )2 + S - ZnSgOa -I- HgO + SO2. 

If the zinc sulphide susj)ciision is added slowly to aqueous sulphurous 
acid, so that the latter is always in excess, the resulting solution con- 
tains principally thiosulphate and but little acid sulphite — 

2ZnS 4-3S02---2ZnS203 fS.2 

Zinc thiosulphate has also been obtained in solution by dissolving the 
metal in aqueous sulphurous acid. Solutions of the salt are colourless 
and transparent and decompose readily — 

27AiSfi,,=7Ai^+ZnS.fi^:^ 

The double salts ^ .3Na2S2O3.2ZnS2O3.10ll2O,^ K2S2O3.ZnS2O3.ll2O, and 
(NH4)2S203.ZnS203.1l20,^ have been prepared. 

Zinc Sulphite is obtained in small, slightly soluble crystals by dis- 
solving zinc,® zinc carbonate,^ zinc oxide,® or zinc sulphide® in aqueous 
sulphurous acid. Excess of acid converts the sparingly soluble normal 
sulphite into the readily soluble acid sulphite (from wliieh solution the 
normal sulphite is j^recipitated on warming), and if zinc sulphide is 
slowly added to the excess of acid, zinc thiosulphate is the j)rinci[)al 
product.^® Zinc sulphite also separates slowly in the cold from mixed 
25 per cent, solutions of sodium sulphite and zinc sulphate (acidified 
with acetic acid).^^ 

The crystals are either ZnS03.2H20 or ZnS03.2|ll20,^® and either 
monoelinic or orthorhombic.^^ 

The basic salt, 5ZnS03.8Zn(0H)2, is said to be produced by boiling 
the normal or acid sulphite with water, and 8ZnS03.7Zn(0H )2.7ll20 by 
mixing boiling normal solutions of zinc sulphate and sodium sulphite.^® 

The double salts, Na2S03.3ZnS03.7iIT20, K2S03.3ZnS03.7.JIl20, and 
(NIl4)2S03.ZnS03, have been reported. 

Zinc Sulphate. — Tlie heptahydrate, ZnS04.7H20, occurs naturally 
as goslarite, which crystallises in rhombic needles of hardness 2-2-5 and 
density 1-95-2-04. Shining rectangular tabular crystals, belonging to 
the rhombic system, of density 3-74 at 15° C., that are identical with 

1 Wackenroder, AnyiaUn^ 1840, 60 , 189 ; Debus, Trmifi. Chem. Soc,, 1888, 53> 278. 

2 Henderson and Weiser, J. Amer. Chem. Soc., 1913, 35 , 240. 

® Fordos and Gelis, Ann. Chim. Phys., 1843, [.3], 8 , 350. 

* Vortmann and Padberg, Ber., 1889, 22 , 2640. 

® Rosenheim and Davidsohn, Zeitsch. anorg. Chem., 1904, 41 , 238. 

® Fordos and Gelis, Zoc. cit. 

’ Muspratt, Annalen, 1844, 50 , 283. 

® Vogel, J. prakt. Chem., 1843, 29 , 280. 

® Henderson and Weiser, loc. cit. 

See Zinc Thiosulphate. 

Deniges, Bull. Soc. chim., 1892, [3], 7 , 569. According to Berthier {Ann, Chim, 
Phya., 1843, [3], 7 , 81), zinc salts are not precipitated by ammonium sulphite. 

Muspratt, he. cit. ; Fordos and Gelis, he, cit. 

Rohng, J. prakt. Chem., 1888, [2], 37 , 217 ; Denigds, he. cit. ; Marignao, Jahreaber,, 
1857, 119. 

Marignac, he. cit. 

Deniges, he. cit. 

1 ® Seubert, Arch. Pharm., 1891, 229 , 316. 

Berglund, Ber., 1874, 7 , 469. 

VOL. III. : 11. 
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natural zincosite, ZnS04, arc obtained by evaporating down a solution 
of zinc sulpliate in sulpliuric acid and carefully heating off the excess 
of acid. They soon become cloudy on exposure to air.^ Octahedral 
crystals of anhydrous zinc sulphate were prepared by heating hydrated 
zinc sulphates with ammonium sulphate. They dissolved slowly in cold 
water and rapidly in hot.^ 

Wliite amorphous anhydrous zinc sulphate is easily obtained by 
heating the hydrated sulphates.® It may be heated to a dull red heat 
without decomj)osition, though it is converted into zinc oxide at higher 
temperatures.^ 

The specific heat of anhydrous zinc sulphate is 0171,^ and its density 
has been given variously from 3*400-3*681 

Zinc sulphide is formed by heating zinc sul]diate either with an 
excess of sulphur or rapidly (to a white heat) with carbon. Zinc oxide 
is produced when a mixture of zinc sulphate and carbon is raised more 
slowly to dull redness, and metallic zinc if the temj>erature is raised to a 
bright red.’ Ammonia gas reduces the heated sulphate to a residue 
with the composition ZnO.ZnS.® 

One hundred parts of methyl alcohol dissolve 0 65 ])arts of anhydrous 
zinc sulphate,® and the salt dissolves readily in water with the evolution 
of heat. 

[ZnSOJ-l ^OOAq. ”ZnS04.Aq. -f- 18*43 Cal.^® 

At 20"^ C. 100 parts of water dissolve over 50 parts of ZnS04.^i 

Aqueous solutions of zinc sulphate are only slightly hydrolysed — 
0*03 per cent, in ^ molar solution.^® 

At temperatures below 39° C. the heptahydrate, ZnS04.7H20, usually 
crystallises from pure solutions of zinc sulphate made by dissolving the 
metal, sulphide, oxide, hydroxide, or carbonate in dilute sulphuric acid. 

^ de Sohiilten, Compt. mi-rf., 188tS, 107 , 405. 

* Klobb, ibid., 1892, 114 , 837. 

® According to Graham {Ann. Chim. Phya., 1836, [2J, 63 , 55), the heptahydrate is only 
completf'I}^ dehydrated at kmiperatures above 210^’ C. Thori)f 5 and Watts {Tmyis. Chem. 
Soc., 1880, 37 , 108) heated to 280°-300° C. Horre {Ann. Chim. Phys. 1846, [3], l 6 , 241) 
said it became anhydrous at 110 ° C^. in a current of dry air. 

* Euler, Zeitfich. anorg. Chem., 1900, 2 $, 146. According to Baubigny {Compt. rend., 
1883, 97 , 906) it is stable up to 440° C. According to Bailey {Tranks. Chem. Soc., 1887, 
51 , 681) it begins to decompose at approximately 410° C. It docs not dissociate below 
675° C. according to recent research. See under Estimation of Zinc. 

® Pape, Jahresber., 1863, 51. 

* Thorpe and Watts, loc. ciU 

^ Gay-Lussac, Ann. Chim. Phys., 1836, [2], 63 , 432. 

* Hodgkinson and Trench, Chem. News, 1892, 66 , 223. 

* de Bruyn, Zeitsch. pkysikal, Chem., 1892, 10 , 784. 

Thomsen, J. prakt. Chem., 1878, [ 2 ], 17 , 165 ; Per., 1878, ii, 1021 . 

For some earlier solubility determinations, see Poggialo, Ann,. Chim. Phys., 1843, 
[3], 8 , 467 ; Tobler, Annalen, 1855, 95 , 198 ; von Hauer, Jahresber., 1866, 59 ; Tilden, 
Trans. Chem. Soc., 1884, 45,266 ; fitard, Ann. Chim. Phys., 1894, [7], 2 , 551 ; Callendar 
and Barnes, Proc. Roy. Soc., 1897, 62 , 147. For densities of solutions, see Schiff, Annalen, 
1859, 1 10 , 72; Gerlach, Zeitsch. anal. Chem., 1869, 8 , 288; Favre and Valson, Compt. 
rend., 1874, 79 , 968 ; Barnes and Scott, J. Physical Chem., 1898, 2 , 536. For conduc- 
tivity data, sec Horsford, Pogg. Annalen, 1847, 70 , 238 ; Paalzow, Jahresber., 1868, 91 ; 
Tartar and Keyes, J. Ind. Eng. Chem., 1921, 13 , 1127. For electrolytic deposition, see 
MTntosh, Trans. Roy. Soc. Canada, 1917-18, [3], ii, 113. For thermal expansion, see 
Lannoy, Zeitsch. physikal. Chem., 1895, 18 , 442. For thermal effects of dilution, see 
Pollok, Proc. Chem., Soc., 1899, 15 , 8 . For osmotic data, see Coppet, Zeitsch. physikal. 
Chem., 1897, 22 , 239 ; Lescoeur, Ann. Chim. Phys., 1896, [7], 19 , 213. 

Ley, Ber., 1897, 30 , 2194 ; Zeitsch, physikal. Chem., 1899, 30 , 193. 
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It is prepared industrially by earefiilly roasting zinc blende, extracting 
with water, and crystallising. Zinc sul})liide ores are also treated with 
sulpiu4TPio acid, and the resulting sul]>hate, after treating with water and 
filtering, crysijxUiced out,^ It is known cominercially as white vitriol^ 
and has a great variety uses. It is used in dyeing and calico printing, 
for preparing pigments, varnisiiw, ^nd various zinc* com])ounds, and in 
disinfection, ])reserving wood or hides, proofing, and pharmacv^ 

It crystallises in rhombic prisms, isomorpnot*^ with Epsom salts.^ 

Monoclinic crystals, isomorphons with FeSO^.TllgO, have beer ob- 
tained by introducing a crystal of a monoclinie vitriol, like Co?k>^ 7 ]-P^q 
into the supersaturated solution. They have been usually obtained 
mixed crystals.^ 

The density of white vitriol has been variously given from 1-981- 
1-970.^ The specific heat of the crystals is 0*328; they melt at about 
50'^' C.,** effloresce slowly in the air and lose watcir inor(‘ completely, 
eventually becoming anhydrous, as the temperature is raised.'^ 

[ZnS04.7H20] +400Aq. —ZnSO^.Acp ---4-2() (!al.® 

The solubility of ZnS04.7Il20 is — 

Temjierature, ° C. . . 0 1 15 30 35 39 

Grm. ZnS04 in 100 grm. 

water » . . . 41-93 50-88 Gl-92 00 01 70-05 

At 39^ C. the heptahydrate is transformed into the Itecca hydrate. 
This is important for the use of the Clark standard cell, which consists 
ol‘ the system mercury — mercurous sulphate — zinc sulphatci crystals — 
zinc sul})hate solution^ — zinc sulphate crystals — zim; amalgam (the mer- 
curous sulphate being made into a paste with some zinc sulphate).^" 

The solubility of the hexahydrate is — 

Temperature, C. .0-1 15 30 35 39 

(irm. ZnS04 in 100 grm. 

water » . . . 49-48 57-15 05-82 07-99 70-08 

Both the hepta- and hexa-hydrate can exist for sojue time in a labile 
state outside their normal range of existence. 

Monoclinic crystals of the hexahydrate, isomorphons with tl\e corre- 
sponding magnesium salt, separate from solutions ol’ zinc sulphate at 

^ J. Soc. Chem. Jnd,, 1923, 42, 19A. Certain bacteria can conv(*i-t blende into sulphate 
(Helbronner and Rudolfs, Compt. rend,,, 1922, 174, 1378). 

2 Sonarmont, Ann. Chim. Phys., 1851, [3], 23, 406; Topsoe an<l (Christiansen, ibid., 
1873, [4], 31, 1. 

* Nickles, ibid., 1848, [3], 23, 104; do Boisbaudran, ibid., 1869, [4], 18, 263 ; Hollc- 
mann, Zeitsch. physikal. Chem., 1902, 40, 674. 

* Thorpe and Watts, Trans. Chem. Soc., 1880, 37, 110. 

® Pape, Jahresber., 1863, 61. 

® Tilden, Trans. Chem. Soc., 1884, 45, 266. 

’ Wiedemann, J, prakt. Chem., 1874, [2], 9, 338 ; Mullor-Erzbach, Che^n. Zentr., 1885, 
470 ; Schulze, Ann. Phys, Chem., 1887, [2], 31, 204; Lescoeur, Ann. Chim. Phys., 1890, 
[6], 21, 641. See also under Anhydrous Zinc Sulphate. 

* Thomsen, J. prakt. Chem., 1878, [2], 17, 166 ; Ber., 1878, ii, 1021 ; ibid.^ ISIS, 6, 
710 (-4-24). 

® Cohen, Zeitsch. physikal. Chem., 1900, 34, 182. According to Schroder {Annalen, 
1859, 109, 51), a more soluble ^-heptahydrate may separate. 

Cohen, Zeitsch. physikal. Chem., 1894, 14, 75 ; Jaeger, Ann, Phys. Chem., 1897, [2], 
63, 354 ; Callendar and Barnes, Proc. Hoy. Soc., 1897, 62, 148 ; Cohen, Zeitsch. physikal. 
Chem., 1898, 25, 304; 1899, 31, 164; 1900, 34, 179; Barnes, J. Physical Chem., 1900, 
4, 1 ; Barnes and Cooke, ibid., 1902, 6, 172. 
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temperatures above 39*^ C.^ Tetragonal crystals have been obtained by 
introducing a tetragonal crystal of NiS04.6Il20 into the supersaturated 
solution.^ The density of the monoclinie crystals is 2 05G.^ 

Pierre obtained a pentahydrate by evaporating a tw='J^tion of zinc sul- 
phate at 40"- 50° C. till it began to crvsL^*^‘'*'^‘> cooling slowly to 
35° C./ and a salt of density 2*200 ..cis\)btaincd by boiling the finely 
powdered he])tahvdrate wit^‘ ‘*J^ohol of density 0*825.® 

The existences letrahydrate and a trihydrate were deduced from 
the^heats of Ht '^o’^^tion of zinc sulphates.® 

Anydrate has been jirepared by pouring a saturated solution of 
-^nic sulphate into concentrated sulphuric acid and washing the pre- 
cipitate with absolute alcohol. This salt had a density of 2*958.® The 
heotahydrate is said to become the dihydratc in dry air.’ and, according 
to Etard, the same salt is obtained by evajiorating a zinc sulphate solu- 
tion at 120° C., or by heating a solution saturated at 15° C. in a closed 
vessel at 180° C.® 

When a solution of zinc sul])hate is evaporated on the water-bath 
the residue is the aionohydraU ZnS04.1l20.® It also deposits from a 
boiling saturated solution and crystallises from a solution of the 
hc])tahydrate in methyl alcohol. It has been prepared by heating 
heptahydrated zinc sulphate to 100" C. or 110° C.®’^® 

The density of ZnS04.Il20 has been given as 3*070^2 3 289.® 

Its specific heat is 0*202.^® 

[ ZnS04 . 1 1 2O] 4" 400 Aq. — Zi \ SO4 . Aq. + 9*95 Cal . 

Rhombohedral crystals of ZnS04.3iIl20 have been reported.^® 
Lescceur ® suggested that the number of hydrates had been over- 
estimated. 

Basic Sulphates of Zinc, — The following basic sulphates have been 
reported: SZnO.SOa.lCllgO ; SZnO.SO.j.THgO ; 1® 8Zn0.S0,.6H20 ; 1® 
8Zn0.S03.2ll20; 8ZnO.SO3.ll2O ; 1® OZnO.SOg.lOUgO ; i’ 5Zn0.S03; i® 
4ZnO.SO3.7H2O; 1® 4Zn0.S03.Gll20 ; 20 4Zn0.S03.5ll20 ; 21 tZnO.SO.,. 

8ll 20;22 (Zn0H)4S04.i® 

According to Lubkowskaia 22 only 4 Zn 0 .S 03 . 3 ll 20 exists as a definite 
compound. 

^ Marignac, Jahresber.y 1855, 389; Wyremboff, Bull. Soc. chiin., 1889, f.3], 2 , 500. 

* de Boisbaiidran, Ann. Chim. Phys.y 1809. [4 j, 18 , 263. 

* Thorpe and Watts, Tram. Chem. Soc.y 1880, 37 , 110, 

* Pierre, Ann. Chim, Fhya.y 1846, 16 , 241. 

® Thorpe and Watts, Trans. Chem. Soc., 1880, 37 , 109. 

® Lescoeiir, Ann. Chim. Phys., 1890, [0], 21 , 1.54. 

^ Baubigny and Pochard, Gompt. rend., 1892, 115 , 173. 

8 l^tard. Ami. Chim. Phys., 1894, [7], 2 , 551. 

8 Callendar and Barnes, Proc. Roy. Soc., 1897, 62 , 147 ; Cohen, Zeitsch. physikal. Chem., 
1900, 34, 181- 

’8 Graham, Ann. Chim. Phys., 1836, [2], 63 , 55. See Anhydrous Sulphate. 

” de Bruyn, Zeitsch. physikal. Chem., 1892, lo, 788. 

18 Schroder, J. prakt. Chem., 1879, [ 2 ], 19 , 288. i® Pape, Jahresber., 1863, 51. 

18 Thomsen, J. prakt. Chem., 1878, [2], 17 , 165 ; Ber., 1878, li, 1021. 

18 Kane, Ann. Chim. Phys., 1839, [2], 72 , 367. 

*8 Reindel, J. prakt. Chem., 1869, 106 , 371. 

1’ Kane, he. cit., 311. 

18 Pickering, Proc. Chem. Soc., 1907, 23 , 261. 

18 Athanasesco, Compt. rend., 1886, 103 , 271. 

8 ® Schultze, Zeitsch. anorg. Chem., 1 897, 13 , 5. 8 * Habermann, Jahresber., 1 884, i, 321. 

*8 Thugutt, Zeitsch. anorg. Chem., 1892, 2 , 151, 

*8 Lubkowskaia, J, Russ. Phys, Chem, Soc,, 1907, 39 , 989, 
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Ammoniates , — Zinc sulphate absorbs ammonia gas in proportions 
depending upon the temperature. Zinc sulphate pentammoniate, 
ZnS04.5NH3, decomposes at 19 ^" C., the tetrammoniate at 98 * 5 ° C., and 
the triarnmoniatc at 185 ° C. A hexammoniate exists at temperatures 
less than this range and a diammoniate at higher. ^ 

From a solution obtained by passing ammonia gas into a warm con- 
centrated solution of zinc sulphate until it just cleared, the hydrated com- 
pounds ZnSO4.4NH3.4H2O, ZuSO4.4NH3.2H2O, and ZnS64.2NH3.H2O 
were obtained. They lose ammonia and water progress! velj^ when heated 
— anhydrous zinc sulphate being ultimately left.-^ 

Deliquescent needles or tabular crystals of ZnSO4.4NlI3.aH2O were 
obtained by treating a cooled solution of zinc sulj)hate in aqueous 
ammonia with ammonia gas.^ 

In ammoniaeal solutions of zinc sulphate there are probably coni})lex 
ions containing NHg.^ 

Acid Sulphates of Zinc . — The acid sulphate H2SO4.ZnSO4.8H2O 
deposits in monoelinie crystals from solutions ol' zinc sulj)hate containing 
sulphuric acid. It dissolves sparingly in cold water, rtiadily in hot, and 
loses water and sul})huric acid wdien heated.'* 

Crystals of 8Jl2S04.ZnS04 have been sej)aratcd by cooling the acid 
in the first chambers during the manufacture of sulphuric ac;id from 
zinc blende. When heated strongly they decompose into zinc sulphate 
and sulphuric acid.® 

Double Sulphates of There is a large grouj) ol* salts repre- 

sented by the general formula M2SO4.llSO4.GH26, where R is a divalent 
metal and M is NII4, thallium, or any alkali metal except lithium or 
sodium. The lithium and sodium salts either do not exist or have a 
different ])roportion of w^ater of crystallisation.*^ The salts with R — zinc 
can be prepared by dissolving the constituent simple salts in molecular 
proportions and crystallising.® 

Zinc sulphate also forms a series of double salts with the general 
formula ZnS04.MS04.I4H20, where M is magnesium, copper, manganese, 
iron (ferrous), or nickel.® 

The following salts have also been described : Na2SO4.ZnSO4.4H2O ; 


' Ephraim, Her., 1919, 52 , 957. I.sanil)eri {ibid.t 1870, 3 , 246) recorded 2 ZnvS 04 . 5 NH 3 . 

* Kane, Ann. (/him, Phyts.y 1839, [2], 72 , 304. See Miiller, Avinalerty 1809, 149 , 70. 

® Andre, Compt. rend., 1885, 100 , 241. 

* Dawson and McCrae, Trans. Chem. 1900, 77 , 1239 ; Proc. Vhcvi. Sac., 1900, 
16 , 172. Lubkowskaia (J. Russ. Phys. Ghrm. Soc., 1907, 39 , 989) and 8 huinakoff [ibid., 
1908, 40 , 476) have studied the system Zn»S 04 — ^NHg — 

® von Kobell, J. prakt. Chem., 1843, 28 , 492. 

^ Hoffmann, Zeitsch. angew. Chem., 1910, ii, 1672. 

’ Locke, Amer. Chem. J., 1902, 27 , 455. 

® For data, see Perrot, Compt. rerid., 1890, iii, 909; Poj)e, Trans. Chem. Soc., 1890, 
69 , 1540; OrtloS, Zeitsch. physikal. Chem,, 1896, 19 , 218; Tutton, Trans. Chem. Soc., 
1893, 63 , 356; 1896, 69 , 374, 504; 1905, 87 , u, 1140, 1105; Proc. Roy. Soc., 1910, 
83 A, 211. Also for K 2 S 04 .ZnS 04 . 6 H 2 (), see ^loule and Playfair, Jahresber., 1847~-48, 
59 ; Schroder, ibid., 1879, 31 ; Schiflf, Annalen, 1858, 107 , 64 ; Toblcr, ibid., 1855, 95 , 
198. For (NH 4 )aS() 4 .ZnS 04 . 6 H 20 , see Marignac, Jahresber., 1857, 217 ; Troger and Eners, 
Chem. Zentr., 1898, i, 658; Schroder, loc. cit. ; Schiff, loc. cit. ; To bier, loc. cit. 

* Schauffcle, J. prakt. Chem,, 1852, 55 , 371 ; de Doisbaudran, Ann. Chim. Phys. 
1869, [4], i 8 , 276 ; Hannay, Trans. Chem.. Soc., 1879, 35 , 456 ; Retgers, Zeitsch. physikal. 
Chem., 1894, 15 , 558 ; Stortenbeker, Zeitsch. physikal. Chem., 1897, 22 , 62 ; Foote, Amer. 
Chem. J., 1901, 26 , 418 ; Hollraan, Zeitsch. physikul. Chem,, 1902, 40 , 561. For MgS 04 . 
ZiiS 04 . 14 Ha 0 , also see Schiff, loc. cit. 

Bucholz, Jahresber., 1866, 222 ; Tomlinson, Pogg. Annalen, 1870, 141 , 626. 
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K2S04.ZnS04 ; 1 K2S04.2ZnS04 ; 2 CuS04.3ZnS04.28TIo0 ; ^ (Zn, Fe) 
SO4.H2O, and (Zn, Cr) SO4.II2O.4 

Zinc sulphate is also a constituent of numerous complex salts. 

Zinc Dithionate, ZnS20g.6H20/ crystalltses in the triclinic system 
with a density of 1 * 915 .^ It is ])repared by interaction between barium 
ditliionatc and zinc sulphate. The crystals are stable in air and very 
soluble in water : the solution decomposes on boiling.® 

The double salts 4(NH4)2S20g.ZnS20g ^ and 9 (Nl l4)2S20g.ZnS20(i. 
® have been reported. 

[ZnS206.()H20] + 400 Aq. -ZnSgOe.Acj. - 2-42 Cal.^® 

Zinc Tetrathionate. — The arid salt, Zn 112(820(5)2, is obtained by 
half neutralising VVaekenroder’s solution (acpieous sul])hurous acid de- 
composed by passing hydrogen sulphide with zinc carbonate. It is 
very soluble in enld water or alcohol, and crystallises in small, slightly 
hygroscopic needles from its alcoholic solution. It decom])oses above 
100^ C., and sulphur separates when its aqueous solution is treated with 
potassium hydroxide . ^2 

Zinc Pentathionate has l)een pre])ared as a erystallim' mass by add- 
ing zinc acetate to sulphurous acid through which hydrogen sulphide 
has been passed and allowing the liquid to evaporate. The impure pro- 
duct was soluble in water and unstable.^2 

ZINC AND SELENIUM. 

Zinc Selenide, ZnSe, is ]>roduced by luxating zinc and selenium 
together at a high temperature.^^* The amor])hous substanc^c thus })ro- 
duced has a brilliant j^ellow colour, is infusible up to 1100" C., and has 
a density of 5*29 at 21'" C.^^ It is more easily obtained by heating zinc 
in a current of hydrogen selenide. 

Reddish-yellow crystals, of density 5-40 and belonging to the n'gular 
system, were obtained by subliming the amorphous form in a current 
of hydrogen. Yellow crystals of density 5-42 at 15 ° C. were obtained 
by heating precipitated zinc selenide, dried in a current of hydrogen, in 
the electric furnace, and a partially crystalline ZnSe was prepared by 
similarly heating a mixture of zinc selenate and carbon. Crystals be- 
longing to the hexagonal system were obtained by heating zinc chloride 


^ Schroder, Jahresher., 1879, 31. 

* Mallet, Trans. Chem. aVoc., 1900, 77, 220. 

^ Hanuay, ibid., 1879, 35, 450. 

^ Scott, ibid., 1897, 71, 567. 

^ Void, AnnaUn, 1855, 94, 57 ; ^tard, Corwpt. rend., 1878, 87, 602. 

® Kliiss, Annalm, 1888, 246, 296. 

" Topseks Jahresber., 1872, 163. 

** Heeren, Pogg. Antuilen, 1826, 7, 183. 

® Rammelsberg, ibid., 1843, 58, 297. 

Thomsen, J. prakt. Chem., 1877, [2], 16, 323 ; Ber., 1877, 10, 1017. 

VVackenroder, Annale.n, 1846, 60, 189; Debus, Trans. Chem. Soc., 1888, 53, 278. 
Curtins, J. prakt. Chem., 1881, [2j, 24, 226; Curtins and Henkel, ibid., 1888, [2], 
37 , 147 . 

Debus, Tratis. Chem. tioc., 1883, 53, 299. 

** Margottet, Compt. rend., 1877, 84, 1293. 

Chikashig^ and Kurosawa, 3/cw. Coll. Bci. Kgolo, 1917, 2, 245. 

Margottet, Zeiisch. Krysi. Min., 1878, 2 , 106. 

J’ Fonzes-Diacon, Compt. rend., 1900, 130, 832. 
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vapour with a mixture of nitrogen and hydrogen selenide. Zinc selenide 
is thus dimorphous analogously to zinc sulphide. Needle-shaped 
crystals were also obtained by reducing highly heated zinc sclenate with 
hydrogen.^ 

Crystalline zinc selenide dissolves (evolving hydrogen selenide) in 
aqueous hydrochloric acid, though gaseous hydrogen chloride, even at 
a high temperature, has no action on it. It burns in oxygen, forming a 
basic selenite and selenium dioxide. Chlorine displaces selenium from 
it.i 

[Zn] + [Se]~fZnSe| (cryst.) + 4()-4 Cal. 

The corres})onding iigures for precipitated ZnS(‘ are 84 () (crystalline) 
and 33*60 (amorphous ).‘‘^ 

Zinc Selenites. The biselenite, Zn 0 . 2 Se 02 . 3 ll 3 ( 3 , has been [)re- 
pared in colourh'ss transparent crystals by adding 5-G grin, zinc car- 
bonate, in successive portions, to a solution containing 20 grin, selenium 
dioxide in 30 grin, water. The deposit beconu's crystalline aft(^r decant- 
ing off the syrupy liquid. 

The anhydrous neutral selenite, ZnSeOa, is obtained by heating the 
mother-liquor from the j^reparation of the biselenitc in a sealed tul)e at 
200 ” ('. It separates as ])rismatic orthorhombic crystals that are in- 
soluble in w^ater, soluble in acids, and calcine in air to zinc oxide. The 
biselenite also becomes zinc oxide when heated in air, clissolves in cold 
water, and is converted by hot water into white ])ulverulent ZnSeOjj.^ 

The dihydrate, ZnSeO^. 21120 ,^ and the monohydrate ^ have also been 
prepared. 

Orange crystals, resembling potassium chromate, of the tetraselenite, 
ZnvSc 03 . 3 H 2 Se 03 , were obtained by dissolving zinc in a concentrated 
solution of selenioiis acid. They are stable in air, very solubles in water, 
and become white and ojiaqiic at 40” C.® 

Zinc Selenate. — The colourless hexahydrate, ZnSc 04 . 6 ll 20 , crystal- 
lises in the tetragonal system,® and the 'peritahydrate occurs in triclinic 
crystals."^ 

Zinc selenate forms a series of doiibh* salts represented by the general 
formula ll 2 SeO 4 .ZnScO 4 .GH 2 O, where R is an alkali metal or Nil 4 .® 

The double salt, K 2 SeO 4 .ZnSeO 4 . 2 H 2 O, is known, ^ and some com|)lex 
salts containing zinc selenate have been prepared.®* The acid salt, 
ZnSeO 4 .H 2 SeO 4 . 2 H 2 O, has also been obtained.^® 

ZINC AND TELLURIUM. 

Zinc Telluride. -Margottet jircpared ZnTe by melting zinc and 
tellurium together, and obtained red crystals by subliming the original 
amorphous product in hydrogen. 

^ Foiizes-Diacon, he. cit. * Fabre, Compt. rend., 188b, loji 345. 

* Boutzoureanao, Ann. Chim. Phyff., 1889, [0], 18 , 304. 

* Nilson, Ber., 1875, 8 , 656. 

6 Wohler, Annalen, 1847, 63 , 279. 

® Topsoc and Christiansen, Jahresber., 1873, 140 ; Kopp, Ber., 1879, 12 , 903. 

’ Schroder, J. prakt. Chem., 1879, [2], 19 , 276. 

® Topsoe and C^iristianscn, .dnn. Chim. Phyft., 1874, ( 6 ], I, I ; Tutton, Zeitach. Kryst. 
Min., 1900, 33 , 1 . 

® Wohlwill, Anmilen, 1860, 1 14 , 187. 

Gerichten, ibid., 1873, 168 , 221. 

Margottet, Compt. rend., 1877, 84 , 1293. 
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Zinc and tellurium form only this single compound, which melts at 
1238*5° C. and has a density of 5*54 at 13° C.^ 

* A yellow-brown precipitate of the monohydrate, ZnTc.HgO, is formed 
by adding a solution of sodium telluride to zinc acetate solution made 
acid with acetic acid. It is brown when dry, and when lieated out of 
contact with air forms a dark dull red anhydrous telluride. 

Dilute sulphuric acid has no action on zinc telluride, dilute hydro- 
chloric acid liberates hydrogen telluride from it, and it is readily oxidised 
by nitric acid.^ 

[Znl + lTc] (cryst.)=[ZnTe] (cryst.) f 37*22 Cal.^ 

Zinc Tellur ate. — A thick white ])recipitate falls when zinc chloride 
and potassium tellurate solutions are mixed. It has not been obtained 
crystalline.^ 

ZINC AND CHROMIUM. 

Zinc Chromite, Zn 0 .Gr 203 , is obtained by heating chromium 
trioxide and zinc oxide with boric acid,^ or by heating })otassium 
chromate in hydrogen or carbon dioxide containing zinc chloride 
vapour.® 

Zinc chromite thus ])re})ared consists of microscopic regular octa- 
hedra with a very dark green colour. They are harder than quartz, and 
their density at 15° C. is 5*29,® or 5*309 at 11° C.^ 

Acids do not attack it,® potassium bisulphatc only with great dilfi- 
culty,'" but it is decomposed by fused potassium hydroxide and 
nitrate.^’ ® 

An insoluble vioh^t zinc chromite, SZnO.BCrgOg, has been obtained 
by fusing zinc potassium chromate.^ 

A dark brownish-violet powder of zinc thiochroniite, ZnO.CrgSg, was 
prepared by heating zinc oxide with sulphur in a stream of hydrogen 
and then in sulphur vapour. It decomposes into greyish-green zinc 
chromite when heated in air.® 

Zinc Chromate.- When solutions of zinc salts are precipitated with 
})otassium or sodium chromate, basic zinc chromates or complex double 
salts arc produced.® 

The anhydrous normal chromate, ZnCrO^, has been obtained as a fine 
light crystalline ])owder by heating zinc hydroxide with a dichromate 
solution containing a slight excess of chromic acid in a sealed tube at 
220° C.^® It was also obtained in microscopic citron-yellow prisms by 

^ Kobayashi, Mem. Coll. Sci. Eng. Kyoto, 1911, 3, 217. 

^ Tibbals, J. A?ner. Chem. Soc., 1909, 31, 908. 

® Fabrc, Compt. rend., 1887, 105, 277. 

^ Gut bier, Zeitsch. arwrg. Chem., 1902, 31, 349. 

^ Ebelmen, Ann. Chim. Phys., 1851, [3], 33, 45. 

® Viard, Compt. rend., 1889, 109, 142. 

’ Groger, Monaish., 1904, 25, 520. 

* Groger, Jahresber., 1880, 311. 

® Thomson, Phil. Mag., 1828, [2], 3, 81 ; Malaguti and Sarzeau, Ann, Chim. Phys., 
1843, [3], 9, 431 ; Philippona and Priissen, Annalen, 1869, 149, 92 ; Freese, Ber., 1869, 
2, 478 ; Groger, Monatsh., 1904, 25, 520 ; Briggs, Zeitsch. anorg. Chem., 1908, 56, 264 ; 
Groger, ibid., 1907, 54, 189. The basic chromates 4Zn0.Gr03.3H20,3Zn0.Cr08.2H20, 
4ZnO.2CrO3.3H2O, and 3ZnO.2OrO3.H2O have been identified by phase-rule methods 
(Groger, Zeitsch. anorg. Chem., 1911, 70, 139). For zinc chromates, basic and alkali, in 
the pigment industry, sec Bock, Kolloid Zeitsch., 1917, 20, 145. 

Schulze, Zeitsch. anorg. Chem., 1895, 10, 154, 
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heating equal weights of chromium trioxide and zinc carbonate with a 
little water in a sealed tube at 220° C., warming the precipitate formed 
with some concentrated chromic acid solution, and drying the washed 
residue over sulphuric acid.^ 

The monohydrate, ZnCrO^.UgO, was obtained in microscopic citron- 
yellow prisms l3y shaking 11 grm. zinc oxide with 50 c.c. of a 5 -molar 
solution of chromic acid, filtering, and crystallising in vacuo over 
sulphuric acid.^ 

The anhydrous salt is insoluble in water, easily soluble in acids, and 
forms a greyish-yellow crystalline basic salt on boiling with water.'^ 
The monohydrate does not lose its water at 125 ° C., and cannot be con- 
verted by heat into the anhydrous salt (wlit^n the water is liberated it 
seems to hydrolyse the monochromate ).^ 

The hydrated tetrammoniate, ZnCrO4.4NII3.5H2O, has been prepared.^ 

The following double chromates and their ammoniaies liave been jire- 
pared : K20.5Zn0.4Cr03.6ll20 ; ^ KaO. iZnO.SCrOa.allgO ; « 

ZnCr04.2H20 ; ^ 2(Nll4)2Cr04.4ZnCr04.3NIl3.3ll20 ; « and (NH4)2Cr04. 
ZnCr 04 . 2 NH 3 . 8 ’» 

Zinc Dichromate. — The trihydrate, ZnCr207.;3ll20, is difficult to 
crystallise from its solutions/*^ but has been jirepared by eva])orating a 
solution of zinc carbonate in chromic acid under reduced pressure over 
sulphuric acid. It crystallises in hygroscopic, trans})arent orange 
crystals that dissolve easilv in water. Boiling water only affects them 

slightly.il’ 12 

Dark red deliquescent crystals of the trichromate, ZuO.SCrOg.SlIgO,!^ 
and the salt, ZnCr207.2lIg(CN)2.7ll20,i® have been prepared. 

ZINC AND MOLYBDENUM. 

Zinc Molybdate, ZnMo 04 , i'' obtained in white needles, with a 
slight yellow tinge, by melting sodium niolybdat(% zinc chloride, and 
salt together. A reddish crystallijie mass remained wlien it was melted 
in the blowpi[)e.i^ 

The monohydrate, ZnMoO^.IIgO, is obtain(‘(i in crystalline clusters of 
white transparent needles by mixing solutions of zinc nitrat(! and 
ammonium molybdate and digesting the originally amorphous ])re- 
cipitate. It is slightly soluble in water, easily in dilute acids, and is 
attacked by alkalies. 1^ 

A dark grey powder of the (*om])osition 2ZnO.3Mo02 is obtained by 
fusing sodium trimolybdate with metallic zinc,^^ the compound ZnO. 

^ Briggs, loc. cit. 

^ Groger, Zeitsch. aiiory. Chent., 1911 , 70 , 135. The pliasos of the H 5 ^stem ZnO — CrOa — 
H^O vary with (sonditions. ^ Schulze, loc. cit. 

* Malaguti and Sarzeau, Ann. Chim. 1843, [3], 9 , 431. 

^ Philippona and Priissen, Annalen, 1809, 149 , 92. 

® Freese, Ber., 1809, 2 , 470. 

’ Groger, Zeitsch. anorg. Chem., 1907, 54 , 185. 

8 Groger, ibid., 1908, 58 , 410. 

® Briggs, Trans. Chem. Soc., 1903, 83 , 394. 

Kriiss and Unger, Zcitsch. anorg. Chem., 1895, 8 , 452. 

Schulze, ibid., 1895, 10 , 153, 

Groger, ibid., 1910, 66 , 8 . 

*8 Schulze, Annalen, 1803, 126 , 50. 

Coloriano, BuU. Soe. chim., ( 888 , ( 2 ], $ 0 , 451. 

Muthmann, Annalen, 1887, 238 , 134, 
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3M0O3.IOH2O by melting zinc oxide and molybdic acid with sodium 
carbonate,^ and crystalline ZnO.H2^* ** ^^Io03.14H20 by mixing solutions 
containing equivalent quantities of zinc sulphate and ammonium tetra- 
molybdatc.^ (l205.2Mo03).ZnO.16ll2O has been prepared.^ 

ZINC AND TUNGSTEN. 

Zinc Tungstate, ZnW04, has been pre})ared by melting sodium 
tungstate with zinc chloride and common salt,^ and by heating sodium 
paratungstate with zinc.® 

The monohydrate, ZnW04.1l20, falls as an amorphous preci])itate 
when solutions of sodium tungstate and zinc acetate are mixed. One 
part dissolves in about 500 parts of water at 15” C. It remains wliite 
when dehydrated by heat.® 

The metatungstate, ZnO.4<WO3.10ll2O," the paratungstate, 5ZnO. 
12W0.,.37H20,® the tungstate, Zu0.2\V03.3ll20,® and th(^ double tung- 
states,' Na,^ 0 . 2 Zn 0, 7 WO . 5 (and 21) HgO® and (NIl4)20.2Zn0.7W03. 
13H20,^® have been prepared. 

ZINC AND NITROGEN. 

Zinc Nitride, Zn3N2, is obtained as a grey powder by heating zinc 
amide to a red heat — 

3Zn(NH2)2=Zn3N2+4NH3. 

Water acts so violently on it that it incandesces — 

Zn3N2 + 0Tl2O .^3Zn(011)2 4^2NIl3.” 

Small quantities of zinc nitride are lormed between the poles of 
an electric are maintained between zinc electrodes in an atmosphere of 
nitrogen, and when zinc is heated strongly in nitrogen it is covered by 
a grey de[)osit that gives off a (;orres ponding amount of ammonia with 
molten potassium hydroxide.^® 

Zinc dust absorbs nitrogen when heated in either nitrogen or 
ammonia. The most favourable temperature for absorption seems to 
be 600” C., but since zinc nitride begins to decompose below this 
temperature,^^ the zinc is only incompletely converted into nitride. 
Distilled zinc may coTitain small quantities of nitride ; about 4 per cent. 

* Ullik, Annalen, 18(i7, 144 , 232. 

* Wempo, Ze.itsch. anorg, Chem., 1912, 78 , 324. 

® Chretien, Ann. Chim. Phys., 1898, [7], 15 , 358. 

* Cciither and Forsberg, Annalen, 1861, 120 , 272. 

® Hallopeau, Compt. rend., 1904, 139 , 283. 

» Lefort, Ann. Chim. Phys., 1878, [5J, 15 , 344. 

’ Scheibler, J. prakt. Ghem,., 1861, [ 1 ], 83 , 273. 

8 Gonsalez, ibid., 1887, [ 2 ], 36 , 44 . 

» Knorre, Ber., 1886, 19 , 823. 

Lotz, A^inalen, 1854, 91 , 62. 

“ Frankland, Phil. Mctg., 1858, [ 4 ], 15 , 149; ./. prakU Chem., 1858, [1], 73 , 35. He 
said it was stable under heat. 

Arens, Chem. ZeMr., 1899, ii, 643. 

** Briegleb and Geuther, Annalen, 1862, 123 , 237. 

White and Kirschbraun, J. Amer. Chem. Soc., 1906, 28 , 1344. When zinc is heated 
in ammonia at temperatures below its melting-point (about 420° C.), its physical character 
changes and the ammonia is partly converted into nitrogen and hydrogeA (Beilby and 
Henderson, Trans. Chem. Boc., 1901, 79 , 1255). 
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of zinc nitride, determined by the ammonia liberated by boiling with 
aqueous potassium hydroxide, was found in some zinc dusts, and com- 
mercial fused zincs may contain traces of it.^ 

Zinc nitride has been said to be produced in small quantities by 
heating zinc and calcium carbide in the i^resence of air,-* and when zinc 
is dissolved by electro solution —using an ammonium salt as solvent.^ 

Zinc Azide, Zn(N.d2» white sand}’^ powder consist ing of columnar 
crystals. Since it is hydroly sable it smells of azoimide in the air, and 
forms basic salts with water. It gives a clear solution, containing com- 
plex compounds, with azoimide or sodium azide. It detonates under 
a sharp blow, but is not more explosive than the alkaline earth azides. 

It is prepared by acting uj)on metallic zinc with an ethereal solution 
of azoimide, but its hygroscopic character makes it dillicult to obtain 
dry. One grm. of the azide evolv(\s 0-360 Cal. on d(*tonation.^ 

By dissolving zinc or freshly preeijntated zinc hydroxide in azoimide, 
and by interaction between zinc sulphates and barium azide in dilute 
solution, slightly soluble, ill-defined anisotropic crystals of the basic salt, 
Zn.N3.OII, were obtained.® 

Zinc Amide, Zn(NH2)2» is a white amorphous powder obtained by 
leading dry ammonia gas through an ethereal solution of zinc ethyl. 
Ammonia is evolved from it b}^ the action of water or alcohol. It is 
stable up to 200^ C., and decomposes into zinc nitride and ammonia at 
a red heat.® 

Hydrogen chloride converts it into tlie double chloride of ammonium 
and zinc, 2 NH 4 Cl.ZnCl 2 .^ 

Zinc Ammoniate, Zn(NH3)2, is said to be produced by the inter- 
action of sodium, ammonia, and zinc oxide.® 

Zinc Nitrite. Colourless prismatic crystals of Zn(N02)2.2H20. 
CglligN^ are obtained by adding sodium nitrite to the solution of a zinc 
salt containing hexamethylenetetramine.® Zinc nitrite also occurs in 
the hygroseo})ic yellow crystalline double salt, 3KN02.Zn(N()2)2.3H20, 
obtained by a(*ting with nitrous acid on zinc hydroxide suspended in 
potassium nitrite solution,^® and in the similar salt, 2 KN 02 .Zn(N 02 ) 2 .H 2 (), 
prepared by mixing solutions of j)otassium nitrite and zinc acetate or 
nitrate. According to Ray, zinc nitrite can only exist })ure and uncom- 
bined in dilute solutions. This solution is acid, and the; nitrous acid set 
free by hydrolysis decomposes on concentration — 

3HNO2-HNO3+2NO+2H2O. 

Zinc nitrate is thus continuously formed, and the residue from evapora- 
tion, even when conducted in vacuo, is a basic nitrate.^^ 

^ Matignon, Compi. rend., 1911, 152 , 1309. 

* Rosscl, ibid., 1895, 121 , 942. 

® Warren, OJiem. News, 1887, 55 , 156. 

* Wohler and Martin, Ber., 1917, 50 , 694. 

® CurtiuH and Rissom, J. prakt. Ohem., 1898, [2], 58 , 292. For action of zinc on 
azoimide, also see Curtius and Darapsky, ibid., 1900, [ 2 ], 61 , 420. 

® Fraukland, Phil Mag., 1858, [4], 15 , 149 ; J. prakt. Chem., 1868, [1], 73 , 35. 

’ Peltzer, Annalen, 18^5, 134 , 52. 

® Wehl, Pogg. Annalen, 1850, 73 , 350. 

® 8 cagliarini, Atti R. Accad. Lincei, 1912, [ 6 ], 21 , ii, 640. 

Rosenheim and Oppenheim, Zeitsch. aiwrg. Cheni., 1901, 28 , 173. 

Lang, J. prakt. Chem., 1862, [I J, 86 , 295 ; Hampe, Annalen, 1863, 125 , 347. 

Ray, Trails, Chem. Soc., 1917, ill, 160. Ray and Dhar (ihid., 1913, 103 , 13) have 
determined the conductivities of dilute solutions. 
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A dilute solution of zinc nitrite may be prepared by interaction 
between solutions of zinc sulphate and barium nitrite, but, though the 
trihydrate, Zn(N 02 ) 2 . 3 H 20 , is said to have been obtained from such a 
solution, only basic ^ or very impure zinc nitrites have usually been 
obtained.^ 

The monohydrate, Zn(N 02 ) 2 .Il 20 , was said to be obtained in fine 
needles by treating a mixture of sodium nitrite and magnesium sulphate 
with alcohol, filtering, and evaporating in vacuo. The dry salt, its 
aqueous solution, and (more gradually) its alcoholic solution, give off 
nitrogen oxides and leave a mixture of zinc nitrate and hydroxide.® 
Vogel could not in this way obtain a salt with a higher ratio for 
NO 2 : Zn than 1-76 : 1 .® 

Zinc Nitrate, Zn(N 03 ) 2 . — The anhydrous salt may be prepared 
by dehydrating the hydrated salt at 130^^-135° C. in an atmosphere 
of nitrogen peiitoxide. The pasty mass crystallises on cooling and dis- 
solves in wat(;r with great evolution of heat.'* According to Pierre,® 
the hexahydrate loses all its water at lOS"' C. in a current of dry air. 

From solutions of zinc nitrate obtained by ordinary methods, the 
hexahydrate, Zn(NC) 3 ) 2 . 6 ll 20 , crystallises at ordinary tem])eratures in 
transparent four-sided jirisms.® It is dcli(iues(^cnt,®’ ^ has a density 
of 2 ()G3 at 13® C. and 2 067 at 15® C.,® melts at 36-4® C.,® and is very 
soluble both in water and alcohol.® 

Its solul>ility varies from 44-63 parts of Zn(N 03)2 in every 100 parts 
of solution at —18® C. to 63*63 parts at +36® 

It loses half of its water at 100 ® C.,’’’ but ])rolonged heating results in 
the formation ol* basic salts, and if the heating is conducted in vacuo 
a mixture of zinc oxide and the trihydrate appears to remain.*® It boils 
at 131® C., and remains clear till it loses 42 per cent, of its weight. The 
glassy mass then cools to crystalline 3 Zn(N 03 ) 2 .Zn 0 . 3 ll 20 .® At higher 
temperatures it is completely converted into zinc oxide.’ 

On prolonged desiccation over sulphuric acid it loses half of its water 
and some nitric acid, a basic salt being left.® 

Its heat of solution is —5 *840 Cal.*^ 

Between 34® C. and 36*4° C. it is transformed into the trihydrate, which 
crystallises in small needles when the hexahydrate is kept molten for 
some time at 37® -40® C., or when a solution of zinc nitrate, containing 
a little sulphuric acid, is concentrated on the water- bath and allowed to 
stand over sulphuric acid. The needles melt at 45*5® C. and quickly 

‘ Lang, J. prakL Ghem., 1802, [IJ, 86 , 295; Hampo, Annalen, 1803, 125 , 347. 

® Vogel, Zeiisch. atwrg. Chein., 1903, 35 , 400. 

^ Matuschek, Ghem. Ind., 1902, 25 , 705. 

* Marketos, Gompt. rend., 1912, 155 , 213. 

® Pierre, Ann. Ghim. Phys., 1840, [3], i 6 , 247. 

® Funk, Zeitsch. anorg. Ghem., 1899, 20 , 398. 

^ Graham, Annalen, 1839, 29 , 17. 

® Laws, Jahresher., 1877, 43. 

® Ordway, ibid., 1859, 113. 

For densities of solutions, sue Oudoiuans, Zeiisch. anal. Ghem., 1808, 7 , 422 ; Franz, 
J. prakt. Ghem., 1872, [2], 5 , 292 ; Bamos imd Scott, J. Physical Ghem., 1898, 2 , 536; 
.Jones and Getman, Zeiisch. physikal. Ghem., 1904, 49 , 417 (also osmotic and conduc- 
tivity tlata). For osmotic data, see Lesca?.ur, Ann. Ghim. Phys., 1890, [7], 7 , 422, For 
optical data, see Bijkcn, Zeiisch. physikal. Ghem., 1897, 24 , 95. 

Funk, Ber., 1899, 32 , 99. 

Vogol and Reischauer, Jahresber., 1859, 190. 

Lescoeur, Ann. Ghim. Phys., 1890, [7], 7 , 422. 

Thomsen, Ber., 1878, ii, 1022. 
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become the hexahydrate in the air.^ The solubility of the trihydrate 
varies from 66*38 ])arts of anhydrous salt in cNTrv 160 })arts of solution 
at 37" C. to 77*77 parts at 15*5” C.^ 

Zinc nitrate crystallises from its solutions at tempcTatures below 
about “17*5” C. as the iwnahydraie. This is most easily ol)tained by 
cautiously rncltin^r the cryohydrate formed at -26” Its solubility 
varies from 40*12 parts of anhydrous salt iti 100 parts ol' solution at 
-25” C. to 43*59 parts at -18” C.^ 

Basic Zinc Nitrates. — The followin^^ have been described - 

(a) By evaporating zinc nitrate solutions or heating hydrated 
zinc nitrate (sometimes followed bv tr<*atment with water), Zn(N03)2. 
7Zn0.2ll20 ; ^ 3Zn(N03)2.Zn0.3ll20 ; ^ 4Zn(N0,)2.3Zn0.1 HI/) ; » 

Zn(N03)2.3Zn0.3H20 ; « 2Zn(^0.^)^.77Aii\Aq, ; ^ Zn(N()3)2.2ZnO.«“ 

(/>) By treating nitric acid with excess of zinc, Zn(N().j).,.5ZnO. 
8ll20;5>9 Zn(N03)2.4Zn0.5ll20 ; Zn(N03)2.3Zn0.4lI./).ii “ 

(c) By precipitating excess of zinc nitrate solution with ammonia, 

Zn(N03)2.7Zn0.4ll20.3. 12 

(d) By heating hydrated or basic zinc nitrates with water 

in sealed tubes, Zn(N03)2.5Zn0.7H20 ; « Zn(N()3).,. iZnO.Olb/) ; 

HNO3.2ZnO.n2O.ii 

(e) By heating zinc nitrate solution with zinc oxide, Zn(N03)2. 
ZnO.3H2O.14 

Ainmoniates. — Andre obtained the hydrated tetrainmoniate, 
3[Zn(N03)2.4NH3] t 2H2O, from the solution ])repare(l by ])assing an 
excess of ammonia gas into zinc nitrate solution. Tin* d(‘li<|ueseent 
crystals arc very soluble in a little water, and readily deeom]M)sed by 
excess with the precipitation of zinc oxide. The warm aqiu'ous solu- 
tion also dissolves zinc oxide, and 3Zn(N()3)2.10ZnO.4NH3.18H2O, 
stable in air, insoluble in cold water and decomposed by hot, deposits 
from the filtered solution.’ 

Anhydrous Zn(N03)2.4NH3 is obtained by leading ammonia gas in 
excess through a saturated solution of zinc? nitrate, adding alcohol, dry- 
ing the precipitate, and finally warming it at 100” V. in a stream of 
ammonia. 

It absorbs a quantity of ammonia gas at room temperature that 
closely corresponds to the formation of the heorammoniate^ and only a 
little more ammonia is absorbed on cooling to — 18” C. As the tempera- 
ture is raised, evolution of gas commences distinctly at 30*5” C^, and as 
the temperature rises further the tetrammoniate is formed, which decom- 
poses at 206” C.’® 

The double salt, 3Zn(N03)2.2Bi(N03)3.24H20, has been described.” 

^ Funk, Zeitsch. anorg. Ghein.^ 1899, 20 , 398. ^ Funk, Bvr.^ 1899, 32 , 99. 

3 Grouvelle, Ann. Chim. Phyts., 1821, [2), 19 , 137. 

^ Ordway, he. cit. ® B(*rtelH, Jnhresbor., 1874, 274. 

® Gerhardt, ibid., 1847-48, 436. 

’ Vogel and Reischauer, he. ciU 

« Ditte, Ann. Chim. Phys., 1879, [5j. 18 , 335. 

* Riban, Compt. rend., 1892, 114 , 1357. 

Terreil, Bull. Soc. chim., 1892, (3], 7 , 553. 

Athanasesco, ibid., 1896, [3], 1 $, 1078. 

Stasevitch {J. Russ. Phys. Chem. 80 c., 1911, 43 , 354) says that probably no definite 
salt is formed. Rousseau and Tite, Compt. rend.. 1892, 1 14 , 1185. 

Wells, Amer. Chan. J., 1887, 9 , 304. 

Andr 6 , Compt. rend., 1885, lOO, 639. Ephraim, Ber., 1919, $2, 961, 

Ur bain and Lacombe, Compt. rend., 1903, 137 , 568. 
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ZINC^ AND PHOSPHORUS. 

Zinc Phosphide.— l^hosphides of zinc were obtained by heating 
zinc chloride in a stream of phosphine,^ or by heating zinc with a salt 
containing j^hosphorus on charcoal in a blowpipe flame. ^ 

ZriaPg is obtained by heating an alloy of zinc and ])hos]>horus in a 
crucible till no more })hosphorus vapour is evolved. It can be freed 
from zinc by ignition in vewuo at 600° C., by treatment with mercury 
followed by volatilisation in a current of hydrogen at 400° C., or by 
fuming nitric acid, which dissolves the metal most rapidly.'* It has 
also been j)rcpared by (a) strongly heating a mixture of zinc oxide, phos- 
phoric acid, and carbon ; ^ (b) heating vaporised zinc and phosphorus 
in an atmosphere of hydrogen ; (c) strongly heating zinc sulphide with 

a phosphate and carbon ; ® (d) ])assing phosphorus vapour over melted 
zinc ; ’ (e) heating zinc and phosphorus under pressure.® 

It has been described as octahedral crystals of density 4*55 at 13° C.,® 
as prismatic crystals or needles,® as a steel-grey crystailine substance,^ 
as compact, lead-coloured (losing its lustre in air), and of density 4*21 
at 14° C.,® and as amorphous and pulverulent.^ 

ZngPg can be distilled in hydrogen at about 1100° C.® Hydrochloric 
and sulphuric acids act on it with the evolution of phosphine, and nitric 
acid dissolves it completely.® The reaction 

ZngPa+GHCl^^SZnCla h2PH3 
proceeds quantitatively.® 

When the above phosphide was heated at 400° C. in phosphorus 
vapour, a brownish mass remained that contained ZnPg mixed with un- 
altered ZiigPg. The dark coloured ZnPg was isolated by hydrochloric 
acid, which acted much less readily on it than on ZngPa. It was not 
crystalline, and its density at 15° C. was 2*97.® 

Renault obtained fine needles of ZnPg, varying from pale yellow to 
vermilion-red, by passing phosphorus vapour over zinc, zinc oxide, or 
zinc carbonate at a low red heat. ZnPg burns brightly in the air to zinc 
phosphate, and is rapidly attacked by nitric acid.® Sulphuric acid has 
little ® or no ® action upon it. It begins to dissociate at 500° C. into 
phosphorus and ZngPg.® 

The existence of ZnP and Zn 3 P 4 i®* doubtful.® 

Zinc Hydrophosphide. — White pulverulent ZnliP separates when 
dry phosphine is led into a cooled ethereal solution of zinc ethyl. Water 
decomposes it with the formation of zinc hydroxide and phosphine.^® 

^ Rose, Pogg, Annalen, 1832, 24 , 318. 

2 Wohler, Annaleny 1840, 34 , 236. 

® Jolibois, Compt. rend,, 1908, 147 , 801. 

* Hooslef, Annalen, 1856, 100 , 101. 

® Vigier, Ghem. News, 1861, 3 , 273. 

® Renault, Ann. Chim. Phys., 1866, [4], 9 , 162. 

’ Hayer, Ghem, Zentr., 1876, 585. 

® Emmerling, Ber., 1879, 12 , 152. 

® Renault, Gompt. rend., 1873, 76 , 283. According to Vigier (ioc. cit.), the frequently 
noted reddish crystals are produced when crystals of zinc phosphide are oxidised to phos- 
phate by oxygen without losing their shape. The colour is due to separated phosphorus. 
Drechsel and Finkelstein, Ber., 1871, 4 , 362. 
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Zinc Hypophosphite can be prepared by dissolving distilled zinc in 
hypo])hosphorus acid.^ When a moderately concentrated solution of 
the salt evaporates s])ontaneously, very ellloresccnt octahedra usually 
crystalhsc.^ These crystals belong to the tetragonal system/* and 
have the composition Zn(H2P02)2.0ll20.3’^ 

The salt also crystallises in small rhombohedra that are stable in 
air.^' 

Zinc hypophosphite phenyl hydrazine, Zn(H2P02)2.2N2ll3.C6ll5, has 
been ])repared.® 

Zinc Phosphite, 2ZnHP03.5H20, is prepared by neutralising a 
solution of jdiosphorus trichloride in water with sodium carbonate and 
adding zinc sulphate at boiling heat. It is very soluble, docs not alter 
over sulphuric acid, decom])oses into ZnHP()3.2M20 between lOO"" C. 
and 120'^ C., and loses all its water at 250° C. The anhydrous salt 
was also j)repared by diluting a solution of the hydrated salt in free 
acid."^ 

Zinc Thiophosphite, Zn3(PS3)2, is j)reparcd by heating for twenty- 
four hours at a red heat a mixture of phos])horus, sulphur, and zinc. 
The clear yellow crystalline plates lielong to the hexagonal system. 
Moist air decomposes them with evolution of hydrogen sulphide, and 
nitric acid acts on them readily. * 

Zinc Orthophosphate. — The greyish- white mineral hopeite, 
Zn 3 (P 04 ) 2 . 4 ll 20 , of density 2'75-2*8 and hardness 2-5-3*9, crystallises 
in the orthorhombic system. It seems to occ\ir in two modifications, 
and there is a parahoj)eite which is harder and denser than ho])eite 
itself.® 

Crystals resembling the naturally occurring substance are obtained 
by prolonged heating oi* zinc oxide with [)hos])horic acid and much 
water at 180° C.^® This tetrahydrate has also })een obtained in shining 
orthorhombic j)lates by heating a solution of zinc carbonate in ])hos- 
phoric acid,^^ or making a 50 per cent, solution of phosphorus pentoxide 
in water, treating with zinc oxide, cooling in ice, adding ten volumes of 
ice-cold water, stirring, filtering, and stirring the filtrate on the water- 
bath. Debray also obtained a crystalline product by })rolonged 
digestion of a solution containing a zinc salt and an excess of sodium 
phosphate,^® and Skey by adding a soluble phosphate to a solution of a 
zinc salt so that the solution remained acid.^^ 

The tetrahydrate is easily soluble in acids and solutions of ammonia, 
ammonium carbonate, ammonium sulphate, and ammonium nitrate.^® 

1 Rose, Ann. Chim. Phys., 1828, [2], 38, 271. 

2 Wurtz, ibid., 1846, [3], 16, 195. 

® Beckenkamp, Zeitsch. Kryst. Min., 1903, 37, 620. 

* Ilammelsberg, Ber., 1872, 5, 494. 

® Wurtz, Annalen, 1846, 58, 53. 

® Moitossier, Bull. Boc. chim., 1899, [3], 21, 336. 

Rammelsberg, Jahresber., 1867, 143. 

* Ferrand, Ann. Chim. Phys., 1899, [7], 17, 421. 

* Spencer, Min. Mag., 1908, 15, 1. 

Friedel and Sarasin, Jahresber., 1892, i, 518. See Friedel, Ber., 1876, 9, 734. 

Debray, Annalen, 1860, 115, 51 ; Ann. Chim. Phya., 1861, [3], 61, 436. 

Ebcrley, Gross, and Cronell, J. Amer. Chem. Soc., 1920, 42, 1433. 

Debray, Compt. rend., 1864, 59, 40. Some acid phosphate may be 00-precipitated 
(Heintz, Annalen, 1867, 143, 356). 

vSkey, Chem. News, 1870, 22, 61. 

Heintz, k>c. cit. 
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When it is heated to 190 ° C. it forms the monohydrate,^ which has also 
b(‘i*n prej^ared by heating a solution of zinc carbonate in ))hosphoric 
acid to about 250 ° C.^ 

Rhombic prisms of anhydrous Zn3(P04)2, of density 8-998 at 15 ° C., 
and melting at a red heat, were obtained by dissolving the tetrahydrate 
in melted zinc chloride, or by heating it with a concentrated solution of 
zinc chloride in sealed tubes at 250 ° C.® 

It absorbs hydrogen sulphide }>erceptibly at 100° C., rapidly at 
160 ° C., and the absorption at any temperature is proportional to the 
square of the ])ressure.‘* 

An amorphous heocahydrnie has been obtained by the action of 
absolute alcohol on an acid phosphaRj of zinc.'* 

The acid zinc orthojjhosjjhate, ZnllPO^.IIgO, occurs in small trans- 
parent needles which are monoclinic. ZnHP04.3H20 crystallises in 
sticky, thread-like, aggregative crystals, and Zn(H2P04)2.2ll20 in trans- 
parent triclinic rhombohedra. These three salts, along with Zn3(POj)2. 
4II2O, were identiOed during a study of the system zinc oxide — phos- 
])horic oxide — water at 25 ° C. and 87 ° C.** 

Graham described ZnIlP04.Ii20 as very insoluble, losing its water 
on luxating and bec'oming anhydrous when melted at a red heat.’ 
According to Heintz,*^ Graham's method of |)recipitating zinc sulphate 
with ordinary sodium phosphate throws down Zn3(P04)2.4ll20 mixed 
with a smaller proportion of 2ZnHP04.8ll20. 

Zinc tetrahydrogen ])hos])hate, Zn(H2P04)2.2Tl20, was j)re])ared by 
dissolving zinc in an excess of aqueous phosj)horic acid. It is easily 
soluble in hydrochloric acid, unchanged by alcohol or ether, and decom- 
posed by excess of water into the insoluble lOZnO. tPgOg.lOHgO.® 

The following basic salts occur naturally : tarbuttite, Zn3(P04)2. 
Zn(01I)2; hibbenite, 2Zn3(P04)2.Zn(01I)2.6|lT20 and Zn3(P04)2. 
Zn(0n)2.8H20.ii 

The basic salt l()ZnO.4P2O5.10ll2O, obtained by the action of water 
on some of the acid phosphates, is a white crystalline powder, insoluble 
in water and easily soluble in dilute acids. 

Zinc Pyrophosphate, ZnPaO,. -The anhydrous salt, of density 
3*7538 - 8-7574 at 28 ° C., remains when ammonium zinc orthophosphate, 
NH4.Zn.PO4, is ignited. Under gradual heating in an open crucible 
this conversion is (quantitative and can be used for the estimation of 
zinc. The pure substance is perfectly white, and any greyness indicates 
partial reduction. Ammonia, which is evolved during the ignition, 
begins to reduce it at 500 ° 

The hydrated salt, 2Zn2P207.3H20, is precipitated from a solution of 

^ Friedel and Sarasin, Jahresber., 1892, i, 518. See Friedel, Ber., 1876, 9, 734. 

® Debray, Ammleriy I860, 115, 5i ; Ann. Chim. Phys.^ 1861, [3], 6i, 436. 

® de Schnlten, Bull. Soc. chim., 1889, [3], 2, 300. 

^ Colson, Compt. rend., 1898, 126, 1136. 

® Reynoso, Anri. Chim. Phys., 1855, [3], 45, 109. 

® Eberley, Gross, and Cronell, J. Amer. Chem. Soc., 1920, 42, 1433. 

Graham, Annalen, 1839, 29, 23. 

® Heintz, ibid., 1867, 143, 356. 

» Bemel, Ber., 1879, 12, 1171. 

Spencer, Min. Mag., 1908, 15, 1. 

Phillips, Amer. J. 8ci., 1916, [4], 42, 275. 

Demel, Ber., 1879, 12, 1174. 

A® Lewis, Jahreaber., 1877, 45. 

Dakin, Zeitsch. anal. Chem., 1900, 39 , 273. See also under Estimation of Zinc. 
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zinc sulphate by sodium pyrophosphate as a white, amorphous mass. 
It can be obtained as a white crystalline powder from its solution in 
sulphurous acid. It melts in the lDlowpi])c flame to a clear, transparent 
condition. If it is heated in a stream oi* hydroj^en, metallic zinc and 
phosphoric acid sublime, some phos]>hine is ev^olved, and a white residue, 
containing? zinc and phosphoric oxide, remains. 

Both the crystalline and amorphous varieties dissolve in aqueous 
acids, alkalies, or ammonia, and ^?ive a syrupy mass with alcohol.^ 

An insoluble Zn2p207.5lT20, has been ])repared by 

dissolving a zinc salt in a solution of an alkaline pyrophos[)hate.‘‘* 

When zinc j)yrophos[)hate is heated with water an acid phosphate 
passes into sohition and the tribasie phosj>hatc is preei])itated .3 

The compound 3 Zn 2 P 2 ^^ 7 * 4 NIl 3 . 91 l 20 has been prepared.^ 

Anhydrous crystalline zinc metaphosphate, Zn(P03)2, is ol)- 
tained by treatin^^ zinc oxide with excess of ])hosphorie aci(l, heating? 
to redness, and cooling? slowly. It is soluble only in hot sulphuric 
acid.® 

The tetrahydrate is ])reci})itated in transpan^nt crystals from a solu- 
tion of zinc chloride by ammonium metaphosphate. It is insoluble in 
water, but is decomposed on boiling?.® 

Bette ’ prepared a hydrated amrnoniate of zinc meta])hosphate. 

Double Phosphatcfi of Zitic , — The salts NaZnP04,^ NaoO.ZnO.PgOg,** 
2Na2O.ZnO.P2O5,® Na20.2Zn0.3P205,i« KZnP04,8’ KgO.ZnO. 

PgOg,®’ ® have been prepared. 

NaZnP04 and KZnP04 can be precij>itated from solutions of zinc 
salts by sodium or potassium phosphate. The ori^?inal amorphous pre- 
cipitates crystallise on standing?. The water of crystallisation can be 
expelled by heating without decomposing the anhydrous salts, but 
since both salts are hydrolysable they are not suitable for estimating 
zinc.^‘^ 

A number of other salts of the general formula ri;Na20.?iZn0.2/p205. 
,:;H20, and some of the getteral formula have 

been reported.^® 

Auimoniates . — The following have been described : 2Zn0.P205. 

3NH3.8II2O, 2Zn0.P2C)5.2NH3.4H20, 6ZnO.3P2O5.4NlI3.4H2O, and 

CZnO.3P2O5.4NH3.4lI2O.14 

Ammonium Zinc Orthophosphate. -The dihydrate, NIl4.Zn. 
PO4.2IT2O, is precipitated from solutions of zinc salts by ammonium 
phosphate or by ordinary sodium phosphate in the presence of 

^ Sohwarzenberg, Annalen, 1848, 6 $, 151. 

2 Pahl, Ber., 1873, 6, 1465 ; Bull. Soc. chim., 1873, [2], 19 , 1 15. 

^ Reynoso, Ann. Chim. Phys., 1855, [3], 45 , 108. 

* Bette, Annalen f 1835, 15 , 129. 

® Fleitmann, Pogg. Annalen^ 1849, 78 , 350. 

* Fleitmann, ibid., 258 ; Tammann, J. prakt. Chem.y 1892, [ 2 ], 45 , 421. 

’ Bette, toe. cii. 

* Scheffer, Annalen^ 1868, 145 , 53. 

® Ouvrard, Compt. rend., 1888, 106 , 1729. 

Fleitmann and HonnoWg, Annalen^ 1848, 65 , 304. 

“ Grandeau, Ann. Chim. Phys., 1886, [ 6 ], 8 , 203. 

^2 Finlay and Cumraing, Trans. Chem. Soc., 1913, 103 , 1004. 

*2 Pahl, Bcf., 1873, 6 , 1465 ; 1874, 7 , 478 ; Grandeau, toe. cit. ; Ouvrard, toe. cit. ; 
Ann. Chim. Phys., 1889, [ 6 ], 16 , 317 ; Tammann, J. prakt. Chem., 1892, [2], 45 , 417 ; 
Schwarz, Zeitsch. anorg. Chem.., 1895, 9 , 249 ; Wiesler, ibid., 1901, 28 , 177. 

Rother, Annalen, 1867, 143 ; Schweikert, ibid.,, 1868, 145 , 57. 
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ammonium salts or ammonia. The anhydrous salt ])recipitates if the 
temperature is 80° C. or over.^ In cold solutions the precipitate is 
flocculent, but it becomes crystalline on heatiufj.^ 

When the precipitate is dried at 100°-105° C. for several hours it has 
the comf)osition NH4.Zn.PO4, and it suffers no loss by prolonged heat- 
ing at this temperature. It is quantitatively converted into pyrophos- 
phate of zinc by gradual heating in an open crucible.® It does not 
decompose at 130° C.,^ but decomposition begins at 150° C., and 
ammonia is freely evolved at 200° C.® 

One hundred c.c. of water at 17*5° C. dissolve 0*00145 grin, of 
NH4.Zn.PO4 (Zn— 0*00053 grm.) and 0*00224 grm. at boiling-point 
(Zn =0*00082 grm.).« 

The salt is completely hydrolysed by prolonged boiling with water 
into the normal phosphates of zinc and ammonium, and it is converted 
into zinc chloride by boiling with ammonium chloride."^ 

Zinc Thiophosphates. — Zinc thw-orthophosphate, Zn3(PS4)2, is ob- 
tained by heating zinc chloride and ])hosphorus pentasulphide together. 
It is a white crystalline powder that, when heated in the absence of air, 
decomposes into })hos])horic and zinc sulphides. It can be purified by 
dilute hydrochloric acid but dissolves in the concentrated acid.® 

Pale yellow crystalline masses mixed with phosphorus pentasul- 
phide are obtained by heating zinc, phosphorus, and sulphur together.® 
Zinc thiohypophosphate, Zn 21^283, was obtained in transparent yellow 
plates, a])f)arently hexagonal, of density 2*2, by heating the above 
mixture in sealed tubes imbedded in iron tubes filled with sand.^® 

Though it is insoluble it slowly decom])oses in water or moisture 
with the evolution of hydrogen sulphide. Nitric acid attacks it 
violently, but hydrochloric acid has no action. 

Zinc thiopyrophosphMe has been prejiarcd in small crystalline 
needles, rapidly decomposed by water or moist air, by a similar 
method.^® The crystals are clear yellowy and are attacked violently 
by cold nitric acid.^^ 


1 Betto, Annaleriy 1835, 15 , 129 ; Debray, Compt. rend.y 1864, 59 , 40 ; Hointz, Annalen, 
1867, 143 , 361 ; Schweikert, ihid.^ 1868, 145 , 67. A rrmnohydrate. has been said to 
precipitate. See Finlay and Gumming, Trans. Chem. Soc.^ 1913, 103 , 1009. For best 
precipitation conditions, see under Estimation of Zinc. 

^ According to Garrigucs (J. Amer. Ohem. Soc., 1897, 19 , 937), when the precipitation 
is made by ammonium phosphate these two stages probably represent the two reactions — 

ZnCb+(NHj2HP04-ZnHP04-f 2NH4CI ; 

ZnHP04+ (NH4)2HP04 - Zn,NH4. PO4 + 2NH4H2PO4. 

According to Balareff {Zeitsch. anal. Chem., 1921, 60 , 442), the amorphous precipitate is 
also ammonium zinc phosphate, though zinc phosphate is co-precipitated if a hot acid solu- 
ti(ni containing zinc salt, ammonium chloride, and ammonium phosphate is ju'ccipitated 
with aqueous ammonia. See also Finlay and Gumming, loc. cit., and under Estimation of 
Zinc. 

® Dakin, Zeitsch. anal. Chem., 1900, 39 , 273. 

* Winkler, Zeitsch. angew. Chem., 1921, 34 , 235. 

^ Finlay and Gumming, loc. cit. 

* Artmann, Zeitsch. anal. Chem., 1915, 54 , 89. 

’ Artmann, ibid., 1923, 62 , 8 . 

® Glatzel, Zeitsch. anorg. Chem., 1893, 4 , 194. 

® Friedel, Compt. rend., 1894, 119 , 262. 

Ferrand, Bull. 80 c. chim., 1896, [ 3 ], 13 , 115. 

Ferrand, Ann. Chim. Phys., 1899, [7], 17 , 421. 

Ferrand, Compt. rend.^ 1896, 122 , 888 , 
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ZINC AND ARSENIC. 

Zinc Arsenide, Zn3As2, is [)reparcd hy melting /ine in arsenic 
vapour and hydrogen,^ or by subjecting zinc and arsenic, in appro|>riatc 
proportions, to a pressure of 0500 atmospheres, ^ It crystallises in octa- 
hedra or small needles,^ and evolves arsine with dilute sulphuric acid.^ 
The diarsenide and nionarsenide. Zn As^ and ZnAs, have been prepared 
by heating zinc and arsenic togcdlier in proper proportions. They are 
greyish, and dissolve in acids with the e^^olution of arsine. ZnAs is 
frequently used for preparing arsine.® 

lleikc, from a thermal study of the system Zn As, concluded that 
only ZnAsg and Zi^^As.^ exist. Both are brittle, and in(‘lt at 77 U’ C. and 
101 5"" C. respectively.'* 

Zinc Arsenite.- A crystalline j)owder of normal zinc ortlioarsenite, 
Zn3(As03)2, ])reeipitates at 100® C. when aqueous arsenious acid is added 
to a solution of zinc sulphate containing ammonia and ammonium 
chloride.® When precipitation occurs in the cold the* preciju'tatc rapidly 
crystallises into an aggregate of needles. A similar precipitate, is thrown 
down by potassium arsenite from a solution of zinc chloride in 50 per 
cent, alcohol,® or from a solution of zinc sulphate by acid ])otassium 
arsenite, K2O.2AS2O3. Zinc arsenite dissolves readily in ammonia 
solution, acids, and solutions of ammonia salts. It is also preci])itated 
from zinc sulphate solutions by sodium metarsenite.® 

A granular white powder of zinc inetarsenite, Zn(As()2)2, obtained 
by dissolving arsenious acid in sodium hydroxide solution, making just 
acid to ])hcnolj)hthalein with dilute sulphuric acid and adding hot zinc 
sulphate solution.® 

Zinc Arsenates. — The normal orthoarsenate occurs naturally, as 
an octahydrate, as the pinkish mineral kotiigitc, Zn3(As04)2.8ll2d. It 
crystallises in the monoclinic system with a density of 31 and a hard- 
ness of 2-5 -3*0. 

The trihydrate, Zn3(As04)2.3ll20, is preei})itated from zinc sul|:)iiate 
solutions by trisodium arsenate.*® The same substanet^ is precipitated 
in a white voluminous form when excess of alkali is added to solutions 
of acid zinc phosphates in hydrocliloric acid.** 

The anhydrous salt has been prepared by heating zinc carbonate 
and a solution of arsenic acid to 200® C.,*® and, in prismatic crystals of 
density 4*913 at 15° C., by fusing zinc chloride and arsenic acid.*® 

When the trihydratc remained in contact with a solution of arsenic 
acid for more than a year, the metarsenate, Zn(As03)2, was obtained from 
the filtered solution as a heavy white powder,** 

^ Descamps, Com.'pt. reiid., 1878, 86, 1022, 1065. 

* Spring, Ber.j 1883, 16, 324. 

Vogel, J. praJet. Chem., 1835, 6, 345. 

* Heike, Zeilsck. anorg. 1921, 118, 264. 

® Bloxam, J. Chcfn. Soc., 1862, 15, 281. 

® Stavenhagen, J, prakt. Ohem., 1895, [2J, 51, 21. 

’ Reiohard, Ber., 1894, 27, 1032. 

* Reiohard, iftid., 1898, 31, 2167. 

* Avery, J. Amer, Chem, Soc,, 1906, 28, 1163. 

Salkowski, J, prakt. Chem., 1868, 104, 129. 

Demel, Ber., 1879, 12, 1279. 

Friedel, ibid., 1876, 9, 734. 

de Sohulten, Bull. Soc. chim., 1889, [3], 2, 300. 

Salkowski, Ber., 1879, 12, 1446. 
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A precipitated jelly of the acid orthoarsenate, ZnllAsO^.HgO, is 
obtained by treatinj^ zinc with excess of arsenic acid solution, heating, 
and hlteritif^ at lOO'^' C..^ or by mixing solutions of ])otassiuin dihydroj^en 
arsenate and zinc sulphate in apj)ropriate ])roportions .2 The jell}^ 
^^radually crystallises,^ or forms crystals which are either rhombic or 
monoclinic if treated with hot water. ^ Small white tabular or needle- 
like crystals of this salt were prepared by dissolving zinc oxide in a solu- 
tion of arsenic aeid.^ It has also been obtained by prolonj?ed contact 
between zinc orthophosjohate trihydrate and a solution of arsenic acid,^ 
and by ])rolon<ifed digestion at 100° C. of the preci})itatc obtained by 
adding ammonium arsenate to a solution of a zinc salt.^ 

The salt 5Zn0.2As205.4Pl20, which lost one quarter of its w'ater 
at 100° C., was obtained by precij)itatin^y zinc sulphate solution with 
sodium arsenate.® 

The basic salt 4ZnO.As2O5.H2O is produced w 4 ien ZnHAs04.H20 is 
heated with water. ^ It occurs naturally as adamineP This mineral 
crystallises in the orthorhombic system with a dtmsity of 4 35 and a 
hardness of 8 - 5 . It is ^reen, yellow, violet, or colourless, and is usually 
formulated as Zn(Zn.0H)As04. 

The followin^r double arsenates have been descTibed : — NaZnAs04, 
Na2ZnAs207, K2Zn2As208,» and NH4.ZnAs04,» 

Yellow lloeculent zinc thioarsenate, Zn5(AsS4)jj, has been ])repared by 
interaction between zinc sulphate and sodium thioarsenate. The double 
thioarsenate, NaZnAsS4.4H20, was also obtained in yellow crystals.^® 

ZINC! AND ANTIMONY. 

Zinc Metantimonate. — Alkaline antimonates precipitate solutions 
of zinc salts. If an excess of a concentrated solution of a zinc salt is 
added to a boiling solution of sodium antimonate, zinc metantimonate, 
Zn S bgOg . 511 2O, precipitates . ^ ^ 

Thioantimony Salts of Zinc. — A dilute solution of potassium thio- 
antimonite precipitates orange zinc thioantimonite, ZugSbgSg, from a 
solution of a zinc salt. KZnSbSj, results with an excess of a concen- 
trated solution of the })otassium salt.^^ Rammelsberg described zinc 
thioan tinion ate . ^ ^ 

ZINC AND CARBON. 

Zinc Carbonate. — The normal carbonate, ZnCOg, occurs naturally 
as smithsonite, which is also known as zinc spar or cedamine,^^ A semi- 

^ Coloriano, Bull. Soc. chim., 188G, [2], 45 , 709. According to Demel {Bt^r., 1879, 12 , 
1279). 5 ZnO. 2 Aa 2 O 6 . 5 H 2 O is produced by the action of water on ZnHAs 04 .H 20 . 

Klerap and Gyulay, Kolloid ZeitscL, 1918, 22 , 57. 

® Demel, he. cii. * Salkowaki, Ber., 1879, 12 , 1446. 

^ Debray, Oompt. rend., 1864, 59 , 40. ® Salkowski, J. prakt. Chem., 1868, 104 , 129. 

Friedel, Com.pt. rend., 1866, 62 , 692 ; Dainour, ibid., 1868, 67 , 1124. 

* Lefevre, ibid., 1890, IIO, 405. ® Meade, J. Amer. Chem. 80 c., 1900,22, 354. 

Preis, Annalen, 1890, 257 , 201. Hcffter, Pogg. Annalen, 1852, 86 , 4^. 

Ebell, Ber., 1889, 22 , 3044. According to Sanderens {Bull. Soc. chim., 1899, [3], 21 , 47), 
the air-dried salt has 6 molecules of water, and loses four of them over sulphuric acid. 

Pouget, Compt. rend., 1899, 129 , 103. Rammelsberg, Pogg. Annalen, 1841, 52 , 233. 

The name “calamine” has often been applied to mineral zinc silicates. Of. Trans. 
Chem. 80 c., 1889, 55 , 96. For analyses and descriptions, see Hilger, J. Chem. Soc., 1880, 
38 , 857 ; Griffiths and Dreyfus, Chem. News, 1886, 54 , 67 ; Eakens and Stokes, Zeitsch. 
Kryst. Min,, 1895, 24 , 624 ; Miller, Amer. Chem. J., 1899, 22 , 218, 
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crystalline scale of basic /iiic carbonate, closely a^reein^jf with the formula 
ZnCOjj.aZn (011)2, has been found on rusted zinc.^ Natural basic* zinc 
carbonates, usually named hydrozincite, often approximate to the com- 
position ZnC03.2Zu(0lI)2, but their constitution varies.^ It has been 
su^:]^^?ested that smithsonite originated in interaction between calcium 
carbonate and zinc sul])hate resulting from the oxidation of zinc 
blende.’^ 

When solutions of zinc salts are ])recipitated by alkali carbonates 
or bicarbonates the product varies greatly in eomjmsition.^ Accordin^^ 
to Kraut, ^ normal amorphous zinc carbonate is tin* first f)roduct when 
the carbonate solutions are poured into tlie solution of zinc sul|)hatc. 
This is then converted into the stable crystalline mo 1 1 oh y dr ate, ZnCOg. 
IlgO, or into the hade carbonate, 5Z11O.2CO2. UI2O. 7\11 other compounds 
described by other work(‘rs were mixtures of these two. Mikusch,® 
from a study of the system ZiiO -COg -II2O, decided t hat 5Zn0.2C02. 
4H2O is the only cht^mically individual basic salt. 

The basic carbonate only is formed when the zinc sulpliate solution 
is added to the carbonate solution.^ 

The moHohydrate, ZnC0.j.H20. was ])rej)ared in small tpiadratic opti- 
cally actiN'c crystals, mechanically mixed with crystals of Na-gO.^ZnO. 
4C02.J1H20, by allowin^^ the precipitate from mixed solutions containing 
ZnSO^ : iNallCO.j to become crystalline under the mother-li(|uor.® 
The crystalline salt has also been obtained from a solution of zinc 
carbonate in ammonium carbonate.'^ 

The hemihydrate. 2ZnC()2.H20, was obtaiiu'd by pr(*eipitating the 
solution of a zinc salt with ammonium bicariionate and dig(‘sting the 
gelatinous precipitate in excess of the jirecipitant till it became 
crystalline.** 

The basic zinc carbonate, 5Zn0.2C!02. HIgO, can be pr(‘parcd by the 
direct hydrolysis of the normal carbonate,*^ or by boiling a solution of 
zinc, zinc hydroxide*, or zinc carbonate* in an exee^ss of a(]ue*ous carbonic 
aeid.^ 

Basic zinc carbonate^s can be converte*el into the normal carbonate 
by contae*t with water chargexl with (‘arbon elioxiele under ])re\ssure. 
The ne>rma] carbonate is itse*lf somewhat soluble in water containing 
carbon dioxiele iiresumably forming the bicarbonate.® 

Crystals e)f the monammoniate, ZnCOg.NlIy, are eleposited from a 

‘ Moody, Prov. Chem. iSor., 1903, 19 , 273. 

2 Terrcil, Comjtt. rend., 1859, 49 , 553; C'Ossa, Jkr., 1871, 4 , 412; (k^s^ro, J. Chem. 
Soc., 1896, 70 , Abs. ii, 479. 

^ Piolti, ibid., 1911, 100 , Abs. ii, 902. 

* Boiissingault, A7in. Ckhn. Phy$., 1825, [2J, 29 , 284 ; Favre, ibid., 1844, 13|, lo, 481 ; 
U?fort, J. prakt. Chem., 1847, 41 , 126; Senarmont, A^in. Chim. Phys,, 1850, [3], 30 , 139 ; 
1861, [3], 32 , 154; Deville, ihid., 1852, [3], 35 , 455; Rose, ibid., 1864, [ 3 ], 42 , 
106. 

® Kraut, Zeitsch. anorg. Chem., 1897, 13 , 1 . 

® Mikusch, ibid., 1908, 56 , 365. 

’ Belar, Zeitsch. Kryst. Mm., 1890, 17 , 123. 

® Smith, J. Amer. Chem. Soc., 1918, 40 , 883 (study of .system ZnVA).^ — ('(> 2 — HgO). 
Amongst the various determinations of solubilities of precipitates formed from zinc 
salts and carbonate^s may be noted : Kremers, Pogg. Annalen, 1852, 85 , 248 (soluble in 
20,895 parts of water at 15° C.) ; Terreil, Compt. re7\d., 1868, 66 , 668 (soluble in aqueous 
ammonium salts except the sulphide) ; Wagner, Zeitsch. anal. Chem., 1867, 6 , 169 (soluble 
in 188 parts of water saturated with carbon dioxide at 4-6 atmospheres); Immerwahr, 
Zeitsch. Elektrochem., 1901, 7 , 477 (more soluble in water than the hydroxide and less than 
the sulphide). 
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solution of zinc carbonate in ammonium carbonate in rectangular prisms 
of stellate masses ot needles.^ 

Zinc Thiocarbonate. — Salmon-coloured prisms of the diammoniate 
of zinc thiocarbonate, ZnCS 3 . 2 NIl 3 , were obtained by sliakin^f an 
ammoniacal solution of zinc sulphate with carbon disul]>hide.2 

Zinc Cyanide, Zn(CN)2, is prepared by passing? hydro^^cn cyanide 
into a solution of zinc acetate, or by precipitating solutions of zinc salts 
with solutions of alkali cyanidt^s.® 

It has been obtained in a reasonably jnire condition by ])recipita- 
tion with carbonate -free alkali cyanide, washing the precipitate, dis- 
solving in excess oi‘ tlui cyanide solution, hltering, and treating with a 
slight excess of sulphuric acid over th(" quantity required to decompose 
the alkali cyanide and liberate Zn(CN) 2 .^ 

An ordinarily })repared it is an amorphous white })owder,''’ though it 
can be obtained in orthorhombic prisms by arranging water, zinc acetate 
solution, and a solution of hydrogen cyanide in layers, ordered according 
to their density, in a tall jar.®*® 

It is insoluble in water,® though it is gradually hydrolysed,^ in- 
soluble in hydrocyanic acid, and ])erceptibly soluble in a solution of zinc 
actdatc.®’ ® It decomposes oji heating '** and ammonia is evolved 
wh(‘n it stands in the moist statc.^ C!arbon dioxide slowly decomposes 
it in the presence of water,® and dilute acids dissolve it — readily when 
amorphous and slowly when crystalline.® 

Its heat of formation from solid zinc and gaseous cyanogen is 29-3 
Gal.,® and from its elements 8*8 Cal.® 

Prismatic crystals of Zn(CN)2.2NH3.1l20, and transparent crystals of 
Zn(CN) 2 . 2 NH 3 , have been ol)taincd by the action of ammonia u]xm zinc 
cyanide in the presence' of water and alcohol respectively. Both sub- 
stances are very soluble' in alcohol or water, and are unstable.® 

Precipitated zinc cyanide dissolves readily in solutions of alkali 
cyanides, and zinc sul})hidc is precipitated from these solutions by 
alkali sulphides.^® When zinc cyanide dissolvers in sodium cyanide, the 
salt Na 2 Zn(CN )4 is present in the solution. The same salt occurs in 
solutions obtained by acting with sodium cyanide solution on zinc oxide, 
or with aepieous caustic soda on excess of zinc cyanide.^ From solu- 
tie)ns of sodimn zinc cyanide that are reasonably free from less se)lublc 
salts anel free alkali, the trihydrate, Na2Zn(GN)4.3H20, can be crystallised 
in elllore'serent orthe)rhombic crystals. This salt dissolves in less than 
half its own weight of water and is stable in air up to 105° 

Solutions of 'potassium zinc cyanide can be analogously prepared, and 
contain K 2 Zn(CN )4 in solution. The anhydrous salt can Ixr crystallised 

* Favre, Ann, Chim, Phys., 1844, [3J, lo, 478. 

* Hofmann, Zeitsch. anorg. Che.m., 1897, 14 , 277. 

^ Botte, Annalen, 1839, 31 , 214; Joannis, Gompt, rend., 1881, 92 , 1417 ; Ann. Chim. 
Phys., 1882, [5], 26 , 600. 

* Sharwood, Amer. Chem. Soc., 1903, 25 , 670. 

Joannis, Ann. Chiyn. Phys., 1882, [5], 26 , 600. 

® Joannis, Gompt. rend., 1881, 92 , 1417. 

^ (If. Annalen, 1847, 64 , 300. 

Naudin and Montholon, Gompt. rend.. 1876, 83 , 346. 

® Vaud, Ann. Ghim. Phys., 1897, [71, 10 , 5. 

«« Wohler, Aymilen, 1864, 89 , 376. 

Hertz, J. Amer. Chem. Soc., 1914, 36 , 912. According to Sharwood {loc. r it.) and 
Jlammclsberg {Pogg. Annalen, 1837, 42 , 112), crystallised sodium zinc cyanide is hydrated 
NaZn((.^N)3. 
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from them in regular octahcdra. They can be dried at 110° C. and 
withstand a temperature short of fusion. 100 c.c. of water at 20° C. 
dissolve 11 grm. of the salt, though there is a tendeney to supersatura- 
tion. The solubility increases with the temperature, ('arbon dioxide 
has almost no effect on the aqueous solution. The salt is nearly in- 
soluble in alcohol and completely so in the other ordinary organic 
solvents.^’ ^ 

Zinc Thiocyanate.- 'A white elflorescence of the dihydrate 
Zn(CNS)2.2H20 has been obtained by treating zinc sul|)hate solution 
with an exact equivalent of barium thiocyanate and cva})orating.^ It 
is soluble in water and in alcohol.'* The diammoniate, Zn(CNS)2.2NIl3, 
is obtained by dissolving zinc oxide in ammonia and alkali thio- 
cyanate solution.® The salts K2Zn(CNS),j3ll20,® Cs2Zji{CNS)j2II20,® 
Ag2Zn(CNS)4,3 CsAgZn(CNS),.H20,’' Cs2AgZn(CNS),/ CsAg.,Zn2((^NS)«,’ 
and ('sAg4Zn2(CNS)4 ^ have been prepared. 

The double thiocyanate of zinc and mercury, ZnHg(CNS)4, has been 
used to estimate zinc.*^ 


zinc: and SILICON. 

Zinc Silicide. The solubility of silicon in zinc varies from () ()(1 
grm. in 100 grm. metal at 000" C. to 1-62 grm. at H50" C.,® but the two 
elements do not unite to form a silicide.**^ 

When zinc sul})hidc and carbon are heated to 1800° 1400" (:. in a 
({uartz vessel in an atmosphere of nitrogen, volatile ZnSiS is formed. 
It can be condensiid to hard brown crusts aft(ir heating zinc sul])hide 
with silicon to 1800° C. Tliis compound of zinc with silicon and sul- 
phur polishes like a metal, and its sulphur is quantitatively evolved as 
hydrogen sulphide by the action of acids. A(jueous alkalies liberate 
hydrogen from it.*^ 

Zinc Silicates. The orthosilicate, ZiigSiO^, occurs as willcmite in 
hexagonal crystals of density 8-89-4T8 and hardness 5-5.*^ In troostite 
the zinc is partly replaced by manganese. Hydrated or basic zinc 
silicates also occur as minerals.** Calamine ** or hernimorphite is often 
formulated as (Zu.0H)2Si03 ; it crystallises with a density of 8-45 atid 
a hardness of 4-5 -5 in the orthorhombic system. 

A solution of sodium silicate, Na2Si03, precipitates an amorphous 
zinc silicate from a solution of zinc sulphate ; it is liable to contamina- 
tion by zinc hydroxide if the sodium silicate solution is excessively 
alkaline. Small, clear rhombic crystals of ZnSiOa were obtained by 

^ Sharwood, loc. cit. 

® Rammelsberg, Pogg. Armalen, 1837, 42 , 112. 

® Wells, Amer. Chem. J., 1902, 28 , 268. 

* Meitzendorff, Pogg. Annalen, 1842, 56 , 74. 

® Fleischer, Animten, 1875, 179 , 233. ^ 

® Walden, Zeiiach. amrg. Chem., 1900, 23 , 374. 

’ Wells, loc. cit., 2J8. 

® 8 oe under Estimation of Zinc. 

® Moissan and Siemens, Compt. rend., 1904, 138 , 660. 

Vigouroux, Ann. Chim. Phys., 1897, f7], 12 , 157 ; Winkler, J, prakt. Chem., 1864, 
91 , 193. 

” Fraenkel, Metallurgie, 1909, 6 , 682. 

Rinne, ZeiUch. physikal. Chem., 1895, 16 , 536 ; Retgers, ibid., 1895, 16 , 623. 

Monheim, Jahresber., 1847-48, 1187 ; Collie, Tram. Chem. 80 c., 1889, 55 , 90. 

See under Zinc Carbonate. 
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igniting the dried precipitate with boric acid and lixiviating the residue 
with water. They were insoluble in acids and isomorphous with en- 
statite, MgSiOjj.^ Ebelmen^ obtained two mixed crystalline products 
by heating a mixture of silica and zinc oxide. 

Artificial willernitc has been prepared by the action of silicon liuoridc 
on zinc oxide, or of zinc fluoride on silica at a white heat.® When zinc 
sulphate was heated with an alkali sulphate and hydrated silica, and 
the fused mass treated with water, the residue contained birefractivc 
crystals of Zn2Si04 in the form of hexagonal prisms of density 4*25 
and hardness 5 • 5 .'* 

The heats of formation of Zn2Si04 and ZnSiOa have been given as 

23-74 and + 2-49 Cal. respectively.® 

ZINC AND BORON. 

Zinc Borates. — Anhydrous SZnO.BgOa, or zinc orthohorate^ 
Zn3(B03)2, has been prepared by fusing zinc oxide with molecular [)ro- 
portions of })otassium hydrogen fluoride and boron trioxidc and treat- 
ing with cold water. The flattened prismatic crystals belong to the 
rhombic system and act markedly on polarised light. They dissolve in 
acids, and hot water a(;ts upon them to leave an amorphous residue that 
consists largely of zinc oxide.® 

The compound 3Zn0.2B203 has been obtained from the fusion of 
zinc oxide and boron trioxide.’ The crystals are triclinic.® 

Precipitates of the general formula a’Zn0.?/B203.;3H20, varying in 
eoin])osition, have been obtained by the action of boric acid on zinc 
carbonate, or by preeij^itating solutions of zinc salts with borax.® 

The largest yield of zinc borate is obtained by adding a concen- 
trated solution of a zinc salt to a slight excess of saturated borax solu- 
tion, or by using a supersaturated solution of borax or solid borax as 
])recipitant. 

Precij)itation is more com[)lcte if a little sodium hydroxide is added, 
though sodium zincoxide gives no precipitate with borax.^® 

Zinc Perborate. — An amorphous, floceulent substance, containing 
9-5 per cent, of active oxygen, is prepared by interaction between solu- 
tions of sodium ])erborate and a zinc salt. The same })roduct is also 
obtained by triturating moist hydrated zinc })croxide with boric acid, 
or, most effectively, by treating a solution of a zinc salt and boric acid 
with sodium peroxide.^^ 

DETECTION AND p:STIMATION OF ZINC . 

Detection. “Zinc is usually detected, in the first instance, by pre- 
cipitation as sulphide in ainmoniacal solution. Its chloride is soluble, 

1 Traube, 1893, 26 , 2735. « Ebelmen, Jnn. Chim, Phys., 1851, [3], 23 , 61. 

® Daubree, J. prakt. Chem., 1854, 63 , 1 ; Deville, Conipt. rend., 1861, 52 , 1304. 

* (Jlorgeu, ibid., 1887, 104 , 120. 

® Mulcrt, Zeitsch. anorg. Chem,, 1912, 75 , 219. 

® Ouvrard, Compt. rerid., 1900, 130 , 33.5. 

’ Guertler, ZeitscJi, anorg. Chem.., 1904, 40 , 242. 

® Mallard, Compt. rend.., 1887, 105 , 1260. 

® Rose, Pogg. Annalen, 1853, 88 , 289 ; Buscher, Annalen, 1869, 151 , 234 ; Ditto, Ann, 
Chim. Phys., 1883, [5], 30 , 256. Borchers, Zeitsch. anorg. Chem., iOlO, 68 , 269. 

J, Chem, 80 c., 1906, 90 , Abs. ii, 448. 
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the sulphide does not preeipitatc in aeid solution unless tlie acidity is 
slight, and ammonia does not precipitate the hydroxide in the presence 
of ammoniuni chloride. 

Sodium and potassium hydroxides [)recipitate gelatinous zinc 
hydroxide from solutions of zinc salts and then redissolvc it. Ammonia 
behaves similarly, redissolving the hydroxide to a comj)lex soluble salt. 
The alkali carbonates j)recipitate a white basic earbonate, and ammonium 
carbonate gives a })reei[)itate soluble in excess. 

Potassium cyanide precipitates white zine cyanide that dissolves in 
excess of the reagent. Hydrogen suij)hide preci])itates white zinc sul- 
phide both from this solution and from solutions of tlu' hydroxide in 
alkalies or ammonia. 

Potassium ferrocj^anidc precipitates white zinc ferroctyanide, and 
potassium fcrricyanide precipitates brownish zinc ferricyanide whieli 
dissolves in ammonia or fairly concentrated hydroclilorie aeid. 

Sodium phosphate and potassium oxalate both giN e preeij)itates with 
solutions of zinc salts. ^ No j)recipitat(i is given by sodium thiosulphate 
or sulphite. 

Zinc oxide goes yellow when hot and becomes whit(‘ again on cooling. 
The green colour obtained by heating a zinc salt with cobalt nitrate 
solution on a charcoal block is often a con vef lien t test for zinc. 

Potassium periodate gives a white ])recipitate with solutions of zinc 
salts. Ammonium chloride and ammonia prevent precipitation in the 
cold but not on boiling.*^ 

Small quantities of zinc eaii be detected by the blue? colour given 
with resorcinol by ammoniacal solutions of zinc salts ; ** this method 
has been ayiplied to the colorimetric estimation of the metal. The 
formation of crystalline Ca( 0 .Zn. 0 U) 2 .tH 30 by boiling a zinc salt with 
lime-water and excess of ammonia is said to detect 1 part of zinc in 
500,000 parts of watcr.’^ Electrolysis in the presence of A^/10 potassium 
hydroxide on to a co])per wire cathode is said to be a delieati‘ tc^st Ibr 
zinc. The deposit can be tested with 2N iiotash.^’ The salmon-(H)lourcd 
crystals of zinc nitroprusside, which form rectangular jilates and prisms, 
have been used as a microchemical test for this metal. 

Estimation.- -In estimating zine it is freiiuently pr(*ei})itated as 
sulphide. Zinc suljihide can be eomj)letely precipitated from dilute 
solutions of zinc salts slightly acidified with mineral aeid.^ Its colloidal 
habits make it notoriously diflicult to filter or handle,^ but it can be 
precipitated in a granular form, amenable to rapid filtration and wash- 
ing, by confining the range of hydrogen ion concentration between 10“^ 
and I0’“®, and working at a temperature of 95°— 100° C. on solutions con- 
taining 01 per cent, of zinc. A high concentration of the ammonium salt 
of a strong acid is a favouring condition. Ammonium citrate and a 

^ No precipitation occurs in the presence of fwaiiinonium chloride and excess of ammonia 
(Wester, J. Chmn, Soc.^ 1920, Ii8, Abs. ii, 334). 

* Benedict, Amer, Chem. J., 1905, 34, 581. 

“ Oampo, J. Chem, Soc., 1909, 96, Abs. ii, 439 ; 1910, 98, Abs. ii, 1111. 

* C’erdan and Pianti, ibid., 1913, 104, Abs. ii, 246. 

® Javillier, Compt. rend., 1900, 143, 900. 

* Neumann, Zeiisch. EleMrocherri., 1907, 13, 751. Nitrates and chlorides should be 
absent. 

’ Bradley, Amcr. J. Hci., 1906, [4], 22, 326. 

* Urbasch, J. Ohem. Soc., 1922, 122, Abs. ii, 317. 

® Tamm, C%em. News, 1871, 24, 148. 
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solution containing ammonium sulphate, ammonium formate, and formic 
acid can be used to secure an appropriate range of hydrogen ion con- 
centration.^ A good precipitation is also obtained at 80° C. under 
slight pressure in the presence of a little free formic acid.^ Zinc sul- 
phide is also precipitated quantitatively in a readily filterable form from 
boiling solutions containing benzcncsulphonic acid.^ 

According to lion ben, ^ hydrogen sulphide comjiletely jirecipitates 
zinc sulphide from solutions of its suljihate if the concentration of the 
salt is less than 0*2iV. The corresponding concentration for the chloride 
is 0*007 A. Increased pressure increases the effectiveness of precipita- 
tion by hydrogen sulphide.^ 

Zinc sulphide can be precipitated in a filterable condition by heat- 
ing the strongly ammoniacal solution, containing about 0*5 grin, zinc 
per 100 C.C., to 00° C. or 80° C'. and adding ammonium sulphide in slight 
excess. After boiling the mixture for a few moments the precipitate is 
filtered off and washed with dilute ammonium sulphide.^* 

When the zinc has been precipitated as sulphidci it can be variously 
treated to (jomplete the estimation. The dried sulphide can be ignited, 
mixed with sulphur, in a current of hydrogen and weighed as sulphide.'^ 
It can also be directly ignited to oxide and weighed in that form. If 
tlie sulphide has been collected on paper the dried precipitate can be 
ignited, without any jirelirninary separation from the filter, in a shallow, 
open ])oreelain crucible, or in a platinum crucible at a temperature that 
at first does not exceed a red heat. When tlu^ filter is completely burnt 
the })recipitate must be heated above 935° C. to decompose zinc 
sulphate.® 

Zinc can be estimated as anhydrous zinc sulphate. The zinc salt is 
evaporated with sulphuric acid, heated at 500° C. for fifteen minutes, 
cooled, treated with a little water, cva 2 :)orated and re-ignited. Zinc sul- 
phate does not dissociate below 675° C. it can also be converted into 
oxide over a blast-flame.® This is a convenient method of final treat- 
ment when zinc has been precipitated as sulphide.^® 

Zinc sulphide has also been shaken with excess of silver nitrate 
solution — 

ZnS + 2 AgNOg == AggS -f - Zn (N O 3 )^. 

After filtering off the silver sulphide the excess of silver is estimated. 

The sulphide can also be dissolved in hydrochloric acid and con- 
verted into oxide by evaporation to dryness and heating with yellow 
mercuric oxide. 

^ Eales and Ware, J. Anier. Ohem. Soc., 1919, 41 , 487. 

* Waring, ibid., 1904, 26 , 26. 

® Schilling, Chem. Zeit., 1912, 36 , 1352. 

* Houben, Her., 1919, 52 B, 1613. 

® Bruni and Padoa, Atti B. Accad. Lincei, 1906, [ 6 ], 14 , ii, 625 ; Padoa and Cambi, 
ibid., 1906, [ 6 ], 15 , u, 787. 

® Seeligmann, Zeitsch. anal. Chem., 1914, 53 , 594. 

’ According to Thiel {Zeitsch, anorg. Chem., 1902, 33 , 1 ), it should be ignited in hydrogen 
sulphide. 

Borncmann, ibid., 1913, 82 , 216. 

® (jutbier and Stair, Zeitsch. anal. Chem., 1922, 61 , 97. Of. Euler, Zeitsch. anorg. Chem., 
1900, 25 , 140 ; Sullivan and Taylor, J. Ind. Bng. Chem., 1909, i, 476. 

Kales and Ware, J. Amer. Chem. Soc., 1919, 41 , 494. 

Enell, Zeitsch. anal. Chem., 1915, 54 , 637. 

** Treadwell, Analytical Chemistry (translated by Hall) ((Chapman & Hall, London), 
1911, u, 142. 
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Tlie cold solution of zinc chloride can also be precipitated by addinjf 
sodium carbonate solution, drop by drop, till the zinc solution becomes 
turbid. By then bringing the solution to the boil granular zinc carbonate 
precipitates. Enough sodium carbonate is next added to make phenol- 
phthalein distinctly pink. The precipitate is filtered hot, washed with 
hot water and ignited to the oxide. The precipitate should be detached 
from the paper. Zinc should be precipitated as carbonate from its 
chloride solutions because basic zinc sulphate is co-precipitated if sul- 
phions are present, and in the absence of ammonium salts because they 
prevent precipitation.^ 

Carnot ^ adds a slight excess of sodium carbonate, redissolvcs in 
just enough ammonia or ammonium carbonate, and boils. 

Zinc is often estimated volumetrically in the presence of ammonium 
salts by precipitation with standard sodium sulphide solution. A stan- 
dard solution of zinc is treated similarly to the sam])le and also titrated. 
From the relative volumes of the sodium sulphide required res})ectively 
for the standard zinc solution and the sample, the zinc in the latter can 
be simply calculated. In the original Schajfner method thcj end-point 
was indicated by the blackening of flocculcnt ferric; hydroxide introduced 
into tlu; solution. In ex[)crt hands the })rocess gives ready results with 
an accuracy sidlicient for many commercial purposes, imt it requires 
practice. 

Attempts have been niade to substitute a better indicator than the 
ferric hydroxide. Ballard determined the end-point by the darkening 
of a silver plate, used as an external indicator ; Kopenhague used a 
strip of filter ])aper impregnated with cadmium nitrate, and Hassreidter 
em])loycd a lead salt similarly. 

It is usually considered that the success of the process depends upon 
identical conditions in l)oth standard and samjde.^ 

Zinc can be titrated in acid solution with pota^ssium ferroci/anide. As 
in the Schaffner method, it is usual to titrate tw^o solutions, one contain- 
ing the sample and the other a known quantity of zinc that has been 
subjected to the same treatment and brought to the same condition as 
the zinc under analysis. The composition of the precipitate formed is 
different according to whether potassium or sodium ferrocyanid(; is used 
for titration.®’ ® 

The electrometric method of determining the end-point has been 
applied to this titration,*^ and is said to be trustworthy.® A(;cording 
to Treadwell and Chervet,® zinc salts can be readily titrated with 
potassium ferrocyanide in neutral or weakly acid solution if the end- 
point is sharpened by the presence of a little caesium salt. Rubidium 
salts are less effective. 

^ Treadwell, he, cit. * Carnot, Compt, rend., 1918, i 66 , 245. 

® Kopenhague, Ann. Chhn, anal.t 1911, i 6 , 10; Ballard, J. Soc. Chem. Ind,^ 1897, i 6 , 
399 ; HaHsreidter, Zeitach. angew. Ghem.y 1908, aj, 66 . 

* Huybrechts, Bull. Soc. chim,., 1907, 2 i, 121 ; Pattinson and Rodpath, J. Soc. Chem. 
Ind.y 1905, 24 , 228. Hassreidter {Zeitach. anal, Chem., 1917, 56 , 506) has discussed the 
Schaffner method. See also Urbasch, J, Chem. Soc., 1922, 122 , Abs. ii, 317 ; Olivier, 
Bull. Soc. chim. Belg., 1922, 31 , 102. 

® Treadwell and Chervet, Helv. Chim. Acta, 1922, 5 , 633. 

^ For discussion of the method, sec Springer, Zeitach. angew. Chem., 1917, 30 , i, 173 ; 
Urbasch, J. Chem. Soc., 1922, 122 , Abs. ii, 317. 

’ Biohowsky, ibid,, 1917, 112 , Abs. ii, 219; Treadwell and Weiss, J. Soc, Chem. hid., 
1920, 39 , 137A. 

® Miiller, Zeitach. angew, Chem., 1919, 32 , 351. 
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The usual method has been to titrate in hydrochloric* acid solution, 
usin^^ uranium acetate as (external) indicator. ^ The titration has been 
done in ammoniacal solution in the j)rcsence of ferric tartrate. Acetic 
acid can be used as an external indicator to ^j^ive a blue colour.^ 

Hupp ^ precipitates Avith excess of j)otassiuni ferrocyanide, adds 
excess of iocline solution, and linally titrates with sodium thiosulphate. 

Zinc can be j)reci})itated in the presence of ammonium salts as 
(mnioniutn zinc phosphate, and this excellent method of estimation is 
now much used. The linal determination can be made by wei^hin^:^ the 
NH4.Zn.P()4 after washin^f and dr5dn^ at 100° C. or a rather higher 
temperature, as originally suggested,^ or igniting it to zinc pyrophos- 
phate,® or by titration with standard acid - 

NH4.Zn.PO4 i H2S04-ZnS04+NIl4ll2P04. 

In the last medhod the w(*ll -washed precipitate is treated with excess 
of standard acid and titrated back with standard alkali -using methyl 
orange as indicator.® 

The procredure of ])recipitation must secure a })ure precipitate and 
avoid its marked tend(‘n(*y to adhere to the walls of the j)recipitating 
vessel. Since* the precij)itate is soluble in both acid and ammonia, the 
precipitation must be (*ffectcd in solutions that are either neutral or only 
slightly acid or ainmoniaeal. 

A ])ure non-adherent pr(‘(Mpitatc can lx* secured by heating the 
slightly a(Md solution containing the zinc salt and some ammonium 
chloride, and ])r(x*ipitating with about t(*n times as much ammonium 
phosphate as th(*re is zinc present. The amorphous pn^cipitate rapidly 
becom(*s crystalline, and may be filtered off after a quarter of an hour 
on th(‘ water-bath and a short period for settling.’^ 

Halareff adds ammonia to the slightly acid solution containing 
ammonium chloride and ammonium phosj)hate until it is slightly 
alkaline to litmus. The mixture is kept at ordinary temperature for 
eighteen hours and heated for fifteen minutes on the water-bath before 
filtering.® 

Artmaim heats the neutral solution to 70° C. and treats with excess 
of diammonium phosphate. Two grm. of ammonium chloride are 
previously added for every 01 grm. of zinc present, and the precipitated 
solution is ke})t at 70° C'. for fifteen minutes.® 

If the solution is too acid, the ammonium zinc ])hosphat(‘, in addition 
to the risk of inconaf)lete [)recipitation, may b(^ contaminated with a 
basic })hos])hate or zinc hydroxide, or, if sodium is present, with sodium 
zinc j)hos])hate. When sodium salts are present, 10 grm. of ammonium 

‘ Mill('r and Hall, Hekool Mines Quart., 1899, 2 i, 267 ; Waring, J, Amer. Chem. Soc., 
1904, 26 , 4. 

* Auntin and Keane, A nalyst, 1912, 37 , 2118. 

® Rupp, Arct. Pharm., 1903, 241 , 331. 

* Tamm, Chem. News, 1871, 24 , 148. 

® Losekann aiivi Meyor, Chem. Zeit., 1886, 10 , 729 ; (lark, J. Hoc. Chem. Ind., 1896, 
15 , 867 ; Oarriguos, J. Amer, Chem. Hoc., J897, 19 , 937 ; Austin, Airier. J. Set., 1899, 8 , 
206. See also under Ammonium Zinc Phospliate. 

® Walker, J. Afner. Chem. Hoc., 1901, 23 , 468. Artmann and Brandis {Zeitsch. anal. 
Chem., 1910, 49 , 1) have suggested an iodomctric titration. 

’ Dakin, Zeitsch. anal. Chem., 1900, 39 , 273. 

* Balareff, ibid., 1921, 60 , 442. If ammonia is added to the hot solution some zinc 
phosjdiato is eo- precipitated. 

® Artmann, Zeitsch. anal. Chem., 191.6, 54 , 89. 
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chloride should be added to })revent any ])recipitation of sodium, and 
double precipitation, with addition of 5-10 ^rrn. ammonium chloride 
before each precipitation, is necessary in the ])rescnce of potassium salts\^ 

The j)recipitate is washed with a hot 1 per cent, solution of ammonium 
phosphate, then with cold water and aqueous alcohol. ^ Water saturated 
with ammonium zinc phosphate may be used for washin^%^ or water 
may be used and a correction of 4-0*0005 ^rm. zinc applied for every 
100 c.c. of wash-water used.^ 

Artmann has recently recommended neutralisation of the ammoniacal 
solution at 00° C. or 70° C. with nitric acid. If enough ammonium })hos- 
phate is present a slight excess of the acid is not harmful, and 1 or 2 
grrn. of sodium acetate can be added if necessary. The concentration 
of ammonium ion, other than phosphate, should not excecnl normality, 
and the concentration of ammonium phosphate after j)r(*cipitation 
should be at least 0-2A. After preci})itating the zinc the solution 
should be heated to incipient boiling and ke])t on a ^^ater-bath for 
twenty minutes.® 

The solubility of zinc ammonium phosphate in excess of ammonia 
can be used to separate zinc from magnesium and mangaiu^se, which are 
precipitated, and its solubility in cxch^ss of acetic acid to se})arate zinc 
from iron and aluminium, which arc also jnecipitated under these 
conditions.® 

Zinc can be estimated by precipitating zinc atnnioniuni arsenate^ 
NH4.Zn.AsO4, from ammoniacal solutions of zinc salts with sodium 
arsenate, making acid with acetic acid, heating and stirring, hltcring 
off, dissolving the precipitate in dilute hydrochloric acid, adding 
potassium iodide, and finally titrating with sodium thiosulphate,’ 

Zinc can be estimated in alloys by precipitation, in acid solution, 
with potassium thiocyanate and mercuric chloride. The pre(U])itat(^ ol‘ 
zhic mercury thiocyamite is dried at l()()°-]()8° C, and weighed. The 
precipitate can also be dissolved in dilute jiitric acid containing iron 
alum and the thiocyanate determined volumeirically.® 

A trustworthy volumetric method is bas(‘d on the reaction 

ZnIlg(CNS )4 4 6KIO, 4- 1 2HC1 -ZnS04 4 HgS04 + 2112804 [ HICIN 

4 OICI I ( 1 K( 14 2ll20.» 

The composition of the dried precipitate* is ])robablv ZnHg(CNS)4,^ 
and not ZnIIg(CNS)4.Il20.8 

The method was first used by Cl^ve.^® 

Zinc can be separated from magnesium and the alkaline earth metals 
by precipitation as white Zn(Py)2(CNS)4 with ammonium thiocyanate 
and pyridine.il 

The metallic content of zinc dust can be evaluated by allowing it to 

1 Finlay and Gumming, Trans. Ghem. Soc.^ 1913, 103, 1004. Thoy Hay that precipita- 
tion in alkaline solution gives inaccurate results. 

® Dakin, he. cit. ® Winkler, Zfitsch. angew. Ghem., 1921, 34, 235. 

* Artmann, Zeitsch. anal. Ghem., 1915, 54, 89. ® Artmann, ibid., 1923, 62, 8. 

® Luff, Ghem. Zeit, 1922, 46, 365. 

’ Meade, J. Arner. Ghem.. 80 c., 1900, 22, 354. 

® Lundell and Bee, Amer. Inst. Met, 1914, 146. 

® Jamieson, J. Amer. Ghem. 80 c., 1918, 40, 1036. 

Cl^ve, Jahresber., 1864, 305. See also Cohn, Ber., 1901, 34, 3502; Koninck and 
(Irandry, Ghem. Zentr., 1902, ii, 822. 

Spacu, ibid,, 1923, 94, ii, 508. 
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reduce iron-alum solution and titrating the ferrous iron with potassium 
permanganate.^ 

The gasornetric method of estimating the zinc by the hydrogen 
evolved by the action of acid is used commercially.^ 

A turbidimctric method has been devised for estimating small quanti- 
ties of zinc. The metal is obtained as the oxide, converted into the 
chloride, and treated with silver nitrate solution. The estimation is 
completed by comparing the opalescence with that obtained from a 
standard.® 

Zinc is a very difficult metal to estimate electrolytically. Many 
methods have been devised to secure complete precipitation of the metal 
in a pure and sufficiently adherent form, but the precipitation of zinc as 
zinc ammonium phosphate is as accurate as any cle(‘trolytic process, and 
much more reliable.^ 


^ Edwards, Cham. Met. Eng.., 1919, 2I, 192. 

^ Berl and Jurrisseu, Zeitsch. an^ew. Chem., 1910, 23, 248 ; Beyne, Ann. Ghim. anal.f 
1921,3,300. 

•'* Winkler, Zeitsch. cm-geAV. Chem., 1913, 36, 38. 

^ See under Electrodeposition. 



CHAPTER V. 

CADMIUM AND ITS COMPOUNDS. 

CADMIUM. 

Symbol, Cd. Atomic Weight, 112-41 (O — l(i). 

Occurrence. — Cadmium has not been found in a free state and seldom 
as a mineral. The rare mineral greenockiU is cadmium suljdiide, CdS, 
but the chief source oi‘ the metal is from zinc ores containing cadmium 
as an imjairity. 

Otavite is a basic cadmium carbonate ; ^ cadmium oxide, CdO, also 
occurs naturally.**^ 

History. — The zinc ores used for ])repariiig this metal usually con- 
tain cadmium as an impurity, and when zinc; is smelted the more volatile 
cadmium vaj)Our comes off with the first portions of the zinc. The mixed 
vapours then burn in the air to a mixture of the two oxides. This con- 
tamination of zinc oxide led to the discovery of cadmium. 

Certain samples of zinc oxide were observed to have a yellow colour 
and give a yellow precipitate with liydrogen suli)hide when dissolved in 
acid. StromeycT, in 1817, isolated a metal from this yellow sul{)hide 
and called it cadmium. Many j)harmaeists had supposed the yellow 
precipitate to be arsenic sulphide, and Hermann, who prepared large 
quantities of zinc oxide for pharmaceutical use, had also examined the 
suspicious precipitate and obtained from it a metal that was identical 
with Stromeyer’s product.^ 

The zinc ore (calamine) used by the ancients to obtain brass by melt- 
ing it with copper was called ‘‘ cadmia.” Names derived from this were 
applied to the deposits of zinc oxide obtained during the working of zinc, 
and the name “ cadmium ” was derived from these. 

Preparation of Cadmium. — Cadmium oxide is produced simul- 
taneously with zinc oxide when cadmiferous zinc ores are roasted, though 
much cadmium may be lost by volatilisation of the oxide or reduced 
metal during the process.^ Cadmium metal is obtained by fractionally 
distilling the first portions of zinc that distil over from the smelting of 
that metal from cadmiferous ores. Charcoal is added to the metal under 
distillation, and by utilising the greatervolatility of the cadmium a metal 
of 99*5 per cent, purity is obtained. 

^ Schneider, Centr. Min., 1906, 388. 

® Neumann and Wittich, Chem. Zeit., 1901, 25, 661 ; Centr. Min., 1901, 649. 

^ Stromeyer, Ann. Chim. Phys., 1819, [2], ii, 76 ; QiU)ert*8 Annalen, 1818, 60, 193; 
SchweiggePs J., 1818,22, 362; Gay-Lussac, Ann. Chim. Phys., 1818, 8» 1^6; 
Hermann, Gilbert^ a Annalen, 1818, 59, 95, 113 ; 1820, 66, 276. 

* Stadler, J. prakt. Chem., 1864, [1], 91, 369. 
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Purification of Cadmium. -“Cadmium can be refined eleetrolyti- 
cally by depositing tlie metal from a eoneentrated solution of cadmium 
sulj)hatc, sli^ditly aeidilitML on a platinum or cadmium cathode.’ The 
metal is readily obt ain(‘d in octalu^dral and other crystalline forms of the 
regular system by distillation in a current of hydrogen. ^ It distils in 
vacuo at a lower tcmijierature than zine.^ Partridge purified his cadmium 
for atomic-wei^^ht determinations by a double distillation in xhicuo,^ but 
Morse and .Tones,'’ after subliming jmrified cadmium in a current of 
hydrogen, distilled the sublimed metal six times in vacuo b(d‘ore they 
obtained a spectroscopically pure product. Jhicher distilled nine times 
in vacuo.^ Ilardin jirc'pared speetroseopieally })ure cadmium by three 
distillations in hydrojren.’’ 

The crystallisation of cadmium bromi(l(‘ is an effective and rapid 
method of purifying cadmium material.*^ 

Uses of Cadmium.- Cadmium is a constituent of some alloys melt- 
in" at a low tem])erature that arc used for fuses, etc. Some other alloys 
also contain it usually in small quantity. 

It has a limited use in electroplating, and attenqds have been made 
to employ it for “ galvanising.”’’ 

Physical Properties of Cadmium. -Stromeyer noted the resem- 
blance of his new metal to tin in its colour, brightness, softness, ductility, 
and in its “ cry ” when twisted.’® Cadmium is silver- white tinged with 
blue, and its bright lustre soon dulls in air. 

Cadmium is said to occur in three allotropic modifications.” 

Silver-white crystals of cadmium, in octahedra and other forms, sub- 
limed when the metal was distilled in hydrogen,” and in flat needles or 
six-sided tablets when it was distilled in vacuo. The metal apparently 
crystallises isomorphically with zinc in the hexagonal system, and 
holohedrally.’^ 

The cast metal is crystalline,’® and when cadmium is bent it “ cries ” 
like tin. 

The density of distilled cadmium is 8 04819 at 20°/4° C., which 
becomes 8 04700 after compression,’® but it varies with the history of 
the metal and usually diminishes on “ working.” 


1 Myliiis and Fimk, Zeitsch, anorg. Chem., 1896, 13 , 157. According to Dt^nso {Zeitsch. 
Klektrochem.y 1903, 9 , 4().3), cadmium can be quantitatively separated from large jiropor- 
tions of zinc by electrolysis. Fused cadmium chlori<le is not easily <*lectrt)lysed (Lorenz, 
Zdtsch. awrg, Chem.y 1895, 10 , 78). 

2 Kaemmerer, Ber.^ 1874, 7 , 1724. 

^ Demaryay, Compt, rend., 1882, 95 , 183 (Cd at 160° 0., Zn at 184° C.) ; Schuller, Ann. 
Physilc, 1883, [2], 18 , 317 ; Kraft and Bcrgficld, Ber., 1905, 38 , 254 (Cd at 156-6° C.). 

^ Partridge, Amer. J. Sci., 1890, [3], 40 , 377. 

^ Morse and Jones, Amer. Chem. J., 1892, 14 , 262. 

* Bucher, TheMs, Johns Hopkins University, 1894. 8 ee Hardin, J. Amer. Chem. Soc., 
1896, 18 , 1016. ’ Hardin, he. cit 

** Baxter and Hartmann, J. Amer. Chem. Soc., 1915, 37 , 130. 

® Smith, The Zinc Industry (Longm&m, Green & Co., London), 1918, p. 119 ; J. Soc. 
Chem. Ind., 1923, 42 , 1027 A. Gay-Lussac, Ann. Chim. Phys., 1818, [2], 8 , 100. 

Cohen and Heldermann, J. Chem. Soc., 1914, 106 , Abs. ii, 52, 652 ; 1915, 108 , Abs. 
ii, 40 ; Cohen, ibid., 1918, 114 , Abs. ii, 290. 

Kaemmerer, loc. cit. 

Mylius and Funk, loc. cit. 

Williams, Amer. Chem. J., 1892, 14 , 273. 

For rccrystallisation of cold-workcd cadmium, see Cook, J. Soc. Chem. livd., 1923, 
42 , 360A. Kahlbaum, Roth, and Sielder, Zeitsch. anorg. Chem., 1902, 29 , 287. 

Lowry and Parker, Trans, Chem. Soc.., 1915, 107 , 1006. 
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When cadmium is drawn into wire its density alters from 8-6434- 
8-6397.1 

Accordinjr to Topler,^ i ^rrm. of cadmium expands to 0-0064 e.e. on 
fusion, and the density of molten cadmium has been rc})resented by the 
expression 

8-02-0-00110 (t-320), 
where t is the temperature.® 

The vapour density of cadmium corresponds to a monatomic mole- 
cule.^ The metal also depresses the vapour pressure of mercury, in 
which it is dissolved, as if it were monatomie.*'* 

The melting-point of cadmium is 320-9'' C.® It rises 0-006288" C. 
for every pressure rise of 1 atmosphere.’ The latent heat of fusion 
per gram-atom is 1*570 Cal.® 

Berthelot found that cadmium boiled at 778° C.^ Previous deter- 
minations had varied from 746° 860° C.i® Egerton accepted Ilerthe- 
lot’s figure, though Hey cock and Lamplough^® had found 765-9° C. 

In vacuo cadmium slowly volatilises at 160° C.^® and boils at 450° 

The boiling-point alters by 0-12° C. per each mm. change from normal 
pressure.^® 

According to Fogler and Rodebush,i® the latent heat of vaporisation 
of cadmium at 321*1° C. is 25-350 JJ)-100 Cal., and its vapour pressure 
varies from 0-10 mm. at 321-1° C. to 760 mm. at 766° C. 

The specific heat of cadmium varies from 0 04907 at —164-7° C. to 
0-05714 at 97-8° C.^’ The specific heat of distilled cadmium is 0 0559, 
which becomes 0-0560 after compression.^® 

Pure cast cadmium, according to Jager and Diesselhorst, has a 
thermal conductivity of 0-222 at 18° C, and 0*216 at 100° C.^® Accord- 
ing to Lees, pure redistilled cast cadmium varies from 0-240 at —170° C. 
to 0-217 at 18° C.2® 

^ Kahlbaum and Sturm, Zi'.itsch. anorg. Chem.^ 1905, 46 , 217. 

2 Topler, Ann. Phys. Chem.y 1894, [ 2 ], 53 , 34.‘t See also .Johnston and Adams, 
ZeiUch. anorg, Chem.^ 1911, 72 , 11 . 

® Hogness, J. Amer. Chem. Soc.y 1921, 43 , 1624. 

* Deville and Troost, Ann. Chim. Phya.y 1860, 58 , 296; Cooke, Pror. Roy. Soc.y 

1906, 77 A, 148 ; Biltz, Chem. Zenir.y 1895, i, 770. 

® Ramsay, Tram. Chem. Roc., 1889, 55 , 533 ; Beckmann and Lieschc, Zeitsch. avorg. 
Chem., 1914, 89 , 190. 4 

® Dana and Foote, Trans. Faraday Roc.., 1920, 15,^6 ; Schcel, Zeilsch. amjew. Chv7n., 
1919, 32 , 348 ; Cuertler and Pirani, Chem. Zentr., 19l9,%i, 910. Cf. Egerton, Phil. Mag., 
1917, [ 6 ], 33,47 (321® C.); Donski, Zeilsch. anorg. Chem., 1908, 57 , 195 (326° C.); Hindrichs, 
ibid., 1907, 55 , 416 (322® C.). 

’ Johnston and Adams, A tner. J. Rci„ 1911, [4], 31 , 501. 

® Egerton, Phil. Mmj., 1917, [ 6 ], 33 , 33. 

• Berthelot, Comjd. rend., 1900, 13 1 , 382. 

>0 Becquerel, Ann. Chim. Phys., 1863, [3], 68 , 73 (746-3® C.) ; Deville and Troost, 
Co7npt. rend., 1859, 49 , 240 (860® C.) ; Camelley, Tram. Chem.. Roc., 1878, 33 , 284 (763®- 
772° C.). w Egerton, loc. cit., 47. 

Heycock and Lamplough, Proc. Chem. Roc., 1912, 28 , 3. 

Demarcay, Compt. rend., 1882, 95 , 183. Kraft, Ber., 1905, 38 , 262. 

Heycock and Lamplough, loc. cit., 4, For vapour pressures of cadmium, see 
Egerton, he. cit, 33 ; Barus, Phil. Mag., 1890, [5], 29 , 141. 

Fogler and Rodebush, J. Amer. Chem. Roc., 1923, 45 , 2080. For vapour jjressure, 
also see Egerton and Raleigh, Tram. Chem. Roc., 1923, 123 , 3024. 

Griffiths and Griffiths, Phil. Tram., 1914, 214 A, 335. 

Kahlbaum, Roth, and Siedler, Zeilsch. anorg. Chem., 1902, 29 , 288. 

Jager and Diesselhorst. See Lees, Phil. Tram., 1908, 208 A, 426. 

Lees, he. cit. 
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The electrical conductivity of cadmium in reciprocal ohms per centi- 
metre cube varies from 15-5 XlO^ at -170*^ C. to 13-9 xlO^ at IH*^ C.i 

The coefficient of linear expansion was ^jjiven by Schaefer as 
0 ()()0030()().‘^ Unit volume at ()"" C'., according? to Matthiessen, becomes 
l+() 00008078t+0'0000()()14t2 vols. at any temperature t between 0° C. 
and 100” 

The arc s})ectrum of cadmium contains the following more important 
lines, expressed in 10 « cm. units : :32(>1, 3404, 3406, 3466, 3611, 3982, 
4413, 4678, 4799, 908, 5085, 822, 5155, 5338, 5379, 6438, 470. 

Colloidal Cadmium. — Cadmium is dispersed as a dee]) brown 
colloidal solution when an arc is obtained between cadmium electrodes 
immersed in pure, air-free water. The colo\ir changes to blue-green and 
electrolytes coagulate the solution. Exclusion of air and thickening 
with gelatine preserve the solution for some time.^ 

Svedberg, by an electrical method, obtained a stable disjiersion of 
cadmium in isobutyl alcohol that was brown by transmitted light and 
greyish black by reflected.® 

Chemical Properties of Cadmium. — Cadmium burns, when 
heated in air, to a brown oxide. It was said to retain its brilliancy at 
ordinary temf)eratures,® but it tarnishes in ordinary air."^ 

Cadmium volatilises before it acts on water, but it can be converted 
into oxide by heating a mixture of cadmium ^'apour and steam.® The 
reaction 

Cd+H^O^^CdO + Ha 

is, however, reversible.® If the metal is immersed in water a layer of 
hydrated oxide forms upon it.^® 

Cadmium behaves towards acids very similarly to zinc. The heat 
of solution in aqueous hydrochloric acid has been determined thus — 

Cd -f 2 HCI. 2 OOH 2 O -CdCl2.4()0H2O f-Hg 1 17-230 Cal. 

at 20” C. if the hydrogen is dry. The corresponding figure for moist 
hydrogen is 16-980 Cal.^^ 

Heated cadmium reacts more readily than zinc with sulphur dioxide, 
and is converted into a mixture of cadmium sulphate and sulphide. 

('admium sulphide is produced when sul])hurous acid acts on the 
metal. Sulphur is precipitated in the presence of hydrochloric or sul- 
phuric acid,^® and the complete action may be complex.’^ According 
to Fordos and Gelis,^® cadmium sulphite and hydrogen are first pro- 
duced. The nascent hydrogen reduces the excess of sulphurous acid to 
hydrogen sulphide. The latter then ])rccij)itates some of the cadmium 

^ Lees, Phil. Trans. ^ 1908, 208 A, 437. ^ Schaefer, Aim. Physik, 1902, [4J, 9, 671. 

® Matthiessen, Phil. Mag., 1860, [4], 32, 472. 

* Bredig, Zeitsch. physikal. Chem., 1900, 32, 127. 

® Svedberg, Ber., 1906, 39, 1712. 

* Gay-Lussac, Ann. Chim. Phys., 1818, [2], 8, 100. 

’ Stromeyer, SchweiggePs J., 1818, 22, 262. 

* Regnault, Ann. Chim. Phys., 1836, [2], 62, 351. 

* Ditte, Compt. rend., 1871, 73, 108 ; Glaser, Zeitsch. anorg. Chem., 1903, 36, 16. 

Bonsdorff, Pogg. Annalen, 1837, 41, 293 ; 42, 325. 

Richards and Tamaru, J. Amer. Chem. 80 c., 1922, 44, 1065. 

« Uhl, Ber., 1890, 23, 2153. Berthelot, Ann. Chim. Phys., IS^S, [7], 14, 194. 

According to Schweitzer {Chem. News, 1871, 23, 293), the final products are sul- 
phate, sulphite, thiosulphate, trithionate, and sulphide of cadmium. Free sulphur is also 
present. 

Fordos and G61i8, Ann. Chim. Phys., 1843, [3], 8, 352. 
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sulphite as sulphide. They obtained cadmium sulphite and sulphide 
by treating cadmium with sulphurous acid. Schutzenberger ^ obtained 
the same products. Cadmium sulpliide is also ])roduced when cadmium 
is heated with sulphurous acid at 200'' C. in closed vessels. 

Atomic Weight of Cadmium. — ^'Fhe atomic weight of cadmium 
has been determined by 

(A) The Conversion of the Metal into the Oxide, Stromeyer,^ from 
the ratio Cd : CdO, obtained an atomic weight for cacirnium of 
111-488, if 0==16.4 

Morse and Jones ^ dissolved the purified metal in nitric acid and 
obtained the ratio Cd : CdO — 100 : 111<-27()72 from ten ignitions of the 
nitrate into the oxide. The oxide was alwavs tested for oxides of 
nitrogen. Cd-- 112-0706. 

Morse and Arbuckle,^ in a repetition of this work, obtained from nine 
determinations 112-877 for the atomic weight of cadmium. Their cal- 
culations included corrections for gases occluded by tlic oxide. 

Between these two last determinations Bucher made five determina- 
tions by the same method. He carefully considered sources of error in 
his method, and, after applying various corrections, his results indicate 
an atomic weight for cadmium of 112-89. 

Lorimer and Smith® had obtained a value of 112055 that agreed 
more with the lower values of the earlier determinations. Their ratio 
of Cd : CdO “100 : 114*27872 was obtained by depositing (*admium 
electrolytically from solutions of the oxide in potassium (yanide. They 
made nine determinations.^ 

(B) The Ignition of the Oxalate into the Oiride. —Lenssen obtained 
the ratio CdC 204 : CdO — 100 : 64-0059, giving cadmium as 112-048; 
Partridge the ratio 100 : 68*9649, making cadmium 111-816; Morse 
and Jones® the ratio 100 : 64-00887, giving Cd — 112-082 ; Bucher^ the 
ratio 100 : 68*978, making cadmium 111-89. 

(C) The Conversion of the Oxalate into the Sulphide,- Partridge ob- 
tained the ratio CdC 204 : CdS— 100 : 71*978i6 0007, and Bucher’ the 
ratio 100 : 72*052 from the sum of four determinations. Partridge’s 
result was obtained from ten determinations. The former ratio makes 
cadmium 111*. 591 and the latter makes it 112-16. 

' Schutzenberger, Compt, rend., 1869, 69, 196. 

* Ocitner, Annalen, 1864, 129, 350. ® Sfcromeyer, Schiveigyer' s J., 1818, 22, 366. 

* In calculating the atomic weights in this section, which have been recalculated, when 
necessary, from the original experimental data, the following atomic weight values have 
been used ; — 

0- 16-000 Br= 79-916 8-32-065 

01- 35-457 Ag- 107-880 0-12003 

H- 1-00762. 

* Morse and Jones, Amer. Chem. J., 1892, 14, 261. 

® Morse and Ai-buckle, ibid., 1898, 20, 536. Their uncorrected values 112-084, was 
very close to that of Morse and Jones. 

Bucher, Thesis, Johns Hopkins University, 1894. See Clarke, J, Amer. Chun. Soc., 
1896, 18, 205 ; Hardin, ibid., 1896, 18, 1020. 

* Lorimer and Smith, Zeitsch. anorg, Chem., 1892, i, 364, 

* Bhur made some determinations by converting the oxide into the sulphide. See 
J, Amer. Chem. Soc., 1909, 31, 2. 

Lenssen, J. prakt. Chem., 1860, 79, 281. See Morse and Jones, he. cii. 

Partridge, Amer. J. Sci., 1890, [3J, 40, 377. See Clarke, Amer. Chem.. J., 1891, 13, 
34 ; Morse and Jones, he. cit. 

Partridge, he. cit. See Clarke, Amer. Chem. J., 1891, 13, 35 ; Morse and Jones, 
he. cU., 271. 
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(D) The Reduction of Cadmium Carbonate to Metal in a Current of 
Hydrogem, — TFje sum of five deternriiuations gave the ratio Cd : CdCOa 
-100 : 15:3-417, from which the atomic weight of cadmium is 112-33.^ 

(E) The Analysis of Cadmium Sulphal^. — Jlucher ^ obtained the ratio 
Cd : SO 4 by a conversion of the metal into the sulj)hate, and Baxter and 
Wilson ^ by an electrolytic determination of cadmium in the sulphate. 
They made seven determinations. Bucher’s ratio was 116 056 : 100 
and the latter 117 019 : 100 . The respective atomic weights for cad- 
mium are 112 :354 and 112-414. 

These determinations were made with the anhydrous sulphate. 
Perdue and Ilulett ^ found 43-790 per cent, of cadmium in the hydrated 
sulphate by estimating the metal elcctrolytically. Their figure was 
derived from sevtm determinations. If the salt is 3 CdS 04 . 8 H 20 , the 
atomic weight of cadmium is 112-305. 

Some earlier methods converted the sul[)hate into the sulphide. 
Von Hauer, as the sum of nine determinations, obtained the ratio 
CdS 04 : CdS -^100 : 69-23,^ and Partridge,® as the mean of ten experi- 
ments, the ratio 100 : 60-109 i 0 - 0012 . The atomic weights for cadmium 
are respecti vely 111 -03 and 111-710. 

(F) The Analysis of the —Stromeyer obtained the ratio 

Cd : Clg ” 100 : 62-80.^ Hardin*^ obtained the ratio Cd : Clg — lOO : 
63-2808 directly by electrolysing the chloride and weighing the cadmium. 
This ratio, from the sum of ten determinations, gives 112*06 as the 
atomic weight of cadmium. 

Quinn and Ilulett ^ converted the chloride into the sulphate and 
estimated the cadmium by electrolysis. The ratio Cd : Clg — 100 : 
63-1375, obtained from sewen determinations, makes the atomic weight 
of cadmium 112-:32. 

Baxter and Hartmann^® obtained the ratio Cd : Clg — lOO : 63-0795 
from eighteen electrolytic determinations of cadmium in the chloride, 
but they ])referred the ratio 100 : 63-0811 from five selected deter- 
minations. The former ratio gave Cd = 11 2-420 and the latter 
Cd== 112-417. 

Baxter, (irosc, and Hartmann, from three electrolytic determina- 
tions of cadmium in the chloride, obtained the ratio Cd : Clg — lOO : 
63-0835, and this gave 112-413 for the atomic weight of cadmium. 

Dumas determined the ratio CdClg : 2 Ag~ 100 : 117-813. He him- 
self was uncertain about the accuracy of this ratio, which represents the 
sum of six experiments. 

^ Coninck and Gerard, Compt. rend., 1915, 161, 676. 

® Bucher, Thesis^ Johns Hopkins University, 1894. See Clarke, J. Amer. Chem. Soc., 
1896, 18, 206 ; Hardin, ibid., 1896, 18, 1020. 

* Baxter and Wilson, ibid., 1921, 43, 1230. 

* Perdue and Hulett, J. PhysicM Chem., 1911, 15, 155. See Clarke, J. Amer. Chem. 
Soc., 1912, 34, 228. 

* von Hauer, J. prakt. Chem., 1857, 72, 338. 8ce Morse and Jones, Amer. Chem. J., 
1892, 14, 268. 

® Partridge, Am^r. J. Sci., 1890, [3], 40, 377. See Clarke, Amer. Chem. J., 1891, 13, 35 ; 
Morse and Jones, he. cit., 271. 

’ See Dumas, Ann. Chim. Phys., 1859, [3], 55, 158. 

® Hardin, J. Amer. Chem. Soc., 1896, 18, 1016. 

* Quinn and Hulett, J. Physical Chem., 1913, 17, 780. See Baxter, J. Amer. Chem. 
Soc., 1914, 36, 461. 

Baxter and Hartmann, ibid,, 1916, 37, 113. 

Baxter, Grose, and Hartmann, ibid., 1916, 38, 857. 

Dumas, he. cit. See Morse and Jones, he. cit., 261. 
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Baxter and Hines ^ obtained the ratio CdClg : 2Ag = l()() : 117*6939. 
This ratio, obtained from six experiments, makes Cd ^-112*409. 

Bucher obtained the ratio CdClg : 2A^5C1=^10() : 156*124.2 Cd = 
112*71. 

Baxter and Hines, from three experiments, obtained the ratio 
CdClji : 2AgCl -- 100 : 1 56*3094.3 Cd - 11 2*417. 

((i) The Analysis of the Bromide.— llurdiw ^ obtained the ratio 
CdBrg : Cd~100 : 41*2031 from ten electrolytic determinations of cad- 
mium in the bromide. Cd~- 112*005. 

Quinn and Hulett^ converted the bromide into the sul|)hatc and 
determined the cadmium by electrolysis. The ratio CdBrg : Cd — 
100 : 41*2569 was obtained from ei^ht determinations. Cadmium is 
112*25 from this ratio. 

Baxter, Grose, and Hartmann,® by eleetrolysint^ the bromide, found 
that cadmium bromide contained 41*290 per cent, of cadmium as the 
mean of twelve determinations. From this %ure CdBrg : Cd^lOO : 
41*290 and Cd = 112*407. 

Huntingdon and Cooke ’ obtained the ratio CdBrg : 2Ag = 100 : 
79*3179 from the sum of eight determinations, and Baxter, Hines, and 
Frevert® the ratio CdBrg : 2Ag --l00 : 79*24958 from seven determina- 
tions. The former ratio gives Cd ==112*1 87 and the latter Cd = 11 2*325. 

Bucher, 2 from the mean of live determinations, obtained the ratio 
CdBrg : 2AgBr = 100 : 138*005, and Baxter, Hines, and Frevert,® from 
seven determinations, the ratio 100 : 137*9978. Cd is respectively 112*33 
and 112*335. The sum of eight determinations by Huntingdon and 
Cooke had given the ratio 100 : 138*077. 

(H) Determination of the Ratio Cd : Ag hy the simultatmms Electro- 
lytie Deposition of the two Metals. — Hardin^ did not obtain satisfactory 
results, but Laird and I lulett,*^ making sixteen determinations, obtained 
112*31 for the atomic weight of cadmium. 

The International atomic weight of cadmium is taken as 

Gd-112-41. 

The atomic number is 48. 

Cadmium a])])ears to have six isoto])es, their atomui weights being 
110, 111, 112, 113, 114, and 116. Their relative ])ro]>ortions also 
seem to correspond elosely to the atomic weight, 1 12*41, assigned to 
cadmium.^® 

Alloys of Cadmium : Lithium. — Cadmium forms with lithium the 
two compounds LiCd and LiCdg.^^ 

^ Baxter and Hines, J. Amer. Chem. Soc., 1905, 27 , 222. 

® Bucher, Thesis^ Johns Hopkins University ^ 1894. See Clarke, J. Anier. Chem. Soc., 
1896, 18 , 205 ; Hardin, ibid., 1896, 18 , 1020. 

* Baxter and Hines, /oo. cit. 

Hardin, he. cit., 1016. 

® Quinn and Hulctt, J. Physical Chem., 1918, 17 , 780. See Baxter, J. Amer. Chem. 
Soc., 1914, 36 , 461 ; Quinn and Hulctt, ibid., 1915, 37 , 1997. 

® Baxter, Orose, and Hartmann, ibid., 1916, 38 , 857. 

’ Huntingdon and Cooke, Proc. Amer. Acad., 1882, 17 , 28. See Hardin, he. cit., 
1018. 

® Baxter, Hines, and Frevert, J. Amer. Chem. Soc., 1906, 28 , 770. 

® Laird and Hulett, Tram. Amer. Electrochem. Soc., 1913, 22 , 385. Sec Baxter, J. 
Amer. Chem. Soc., 1914, 36 , 460. 

Aston, see ./. Soc. Chem. Ind., 1924, 43 , 1195. 

Masing and Tammann, ZeitscJi,. anorg. Chem., 1910, 67 , 194. 
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Sodiwn dissolves cadmiurn slowly.^ Na{d 2 occurs in octahedral 
crystals of 5*669 2 that are slowly acted iij)on by water ^ and melt 
at 395° C.^ It is brittle, harder than cadmium, unaffected by absolute 
alcohol, and coloured like its components.^ 

The cubical crystals of NaCdg melt at 363*5° C.^ There may be 
compounds with a liiglier percentage of cadmium,^ and NaCdg is said 
to ('xist.^ 

Potassium, according to the freezing-point curve, forms the two com- 
pounds KCdy and KCdu.^ 

Copper , — Copper and cadmium alloy in all ])roportions.'^ The 
alloys remain silv^ery white up to 60 atoms per cent, of copper, and pass 
from yellow to red as the atomic pro]>ortions increase from 68 to 90.® 
Much cadmium makes them soft ; with increasing proportions of copper 
they become harder and more brittle.^ Copper-cadmium alloys have 
been obtained by treating solutions of co})pcr salts with metallic 
cadmium.^® 

The coni])ounds CugCd and CugC’d;, have been obtained, and 
CuCdjj is said to exist. The heat of formation of CiigCdg has been de- 
termined as 48 Cal., and its heat of fusion as 26*05 C.al. i)er grm.^^ 

Silver . — Silver and cadmium alloy in all proportions.^^ Any addi- 
tion of silv(T to cadmium raises the freezitig-])oint.^® High ])roportions 
of cadmium make the alloys l)rittle.^’ An alloy has been obtained by 
the action of cadmium on a solution of silver sulphate. 

The eom])Ounds AgCd,^®* 20 , 21 AgCdgd®’ 21 , 22 AgCd 4 ,^®’ 20 Ag2Cd,2i 
Ag2Cd3d^’ 2 ^' 23 Ag3Cd2,2^ and Ag4Cd2i have been said to exist. 

Gold . — A black spongy alloy containing eiiual (ju antities of gold and 
cadmium is precipitated by metallic cadmium from a solution of a gold 
salt. 24 The hardness of gold-cadmium alloys attains a maximum when 
either 18-30 or 51-68 per cent, of cadmium is present. There is also a 
maximum brittleness at the latter pcrcentage .23 

^ Hoycock and Neville, Trans. Ohem. <S’oc., 1889, 55 , 673. 

® Sustschinsky, Zeitsch. Krysi. Min., 1904, 38 , 265. 

® Kurnakoff and Kusnetzow, Zeitsch. anorg. Chem., 1907, 52 , 173. 

* Kurnakoff, ibid., 1899, 20 , 388. 

® Mathewaon, ibid., 1906, 50 , 171. 

« Smith, ibid., 1908, 56 , 119. 

’ Wright, J. Hoc. Chem. Jnd., 1894, 13 , 1014. For freezing-point curve, sec Heycock 
and Neville, J. Chem. Hoc., 1892, 61 , 898. 

® Tuschin, Zeitsch. anorg. Chem., 1908, 56 , 41. 

* Sahmen, ibid., 1906, 49 , 301. 

Mylius and Fromm, Ber., 1894, 27 , 636 ; Sanderers, Bull. Hoc. chhn., 1896, [3], 15 , 1245. 

Mylius and Fromm, loc. cit. ; Sahmen, loc. cit. ; Guillct, Cornett, rend., 1907, 144 , 
845 ; Puschin, he. cit. 

Sahmen, he. cit. ; Schleicher, Int. Zeitsch. Metalhgrajihie, 1913, 3 , 102. 

Denso, Zeitsch. EleMruchem., 1903, 9 , 135. 

Roos, Zeitsch. anorg. Chem., 1916, 94 , 329. 

Wright, J. Hoc. Chem.. Jnd., 1894, 13 , 1014. 

Heycock and Neville, Trans. Chem. Hoc., 1897, 71 , 414. Rose (iVoc. Roy. Hoc., 1905, 
74 , 218) has studied silver-(;admium alloys, and Kremann and Ruderer {Chem,. Zentr., 
1920, iii, 684) their electromotive behaviour. 

’’ Wood, Chem. Netvs, 1862, 6 , 135. Mylius and Fromm, Ber., 1894, 27 , 630. 

Petrenko and Federoff, Zeitsch. anorg. Chem., 1911, 70 , 157. 

Hruni and Quercigh, ibid., 1910, 68 , 198. 

Rose, he. cit. 

Maey, Zeitsch. physihal. Chem., 1904, 50 , 200. 

Carpenter, Int. Zeitsch. Metall^raphie, 1912, 3 , 170. 

Mylius and Fromm, Ber., 1894, 27 , 630. 

Vogel, Zeitsch. anorg. Chem., 1906, 48 , 333. 
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Accordiii/^^ to Saldeau/ ^roUl and cadmium form the two compounds 
AuCd and AuCd^. Vo^el ^ detected these two eompouncis and also 
Au 4 Cd 3 . Heycoek and Neville ^ said they obtained yVuCd. 

Calciutn, — Alloys of cadmium with up to 10 })er cent, of calcium are 
stable in air and are little acted on by water. The action of water is 
more vi^rorous with greater proportions of calcium. 'Phe compounds 
CaUd and CaCda appear to exist, and j)ossibly CaaCd^.'* 

Mercury. — If 1) is the density of tlic amal^ifam at 25"" C., and p the 
gram of cadmium per 100 grm. of mercury, 

J ) = 13-53 iO — O-OeOGj:?. 

The temperature coellicient is “-(0 002'kf 0-0003/?). An amalgam satur- 
ated with cadmium at 25*" C. contains 5-574 parts of that metal in every 
100 parts of mercury.^ 

Cadmium dissolves in mercury to a considerable extent and diffuses 
readily through it.® The amalgams can be prepared by adding cad- 
mium to mercury and warming;’ they arc also readily obtained by 
electrolysing (!admium salts vvitli a iiK^reury cathode.® 

According to Smith,® cadmium doc's not form definiU; compounds 
with mercury, though some cadmium mercurides have been rej)orted.^® 

Cadmium amalgams with over 18 per cent, of cadmium arc solid. 

Aluminium. — ("admium and aluminium are not miscible in the fused 
state. When tin* two nu'tals are melted together and allowed to 
remain molten, the cadmium, containing a few tenths })er cent, of 
aluminium, sinks, and the aluminium, containing 2 3 per cent, of 
cadmium, floats.^® 

Thallium . — Cadmium is slightly soluble in thallium in the solid 
state. 

Tin and cadmium are rccij)rocally soluble, to the extent of about 
3 i)er cent, in the solid state ; the molten metals mix in all pro- 
portions.^® CdSn 4 is said to exist, though Mazzotto thought that the 
metals probably formed no compounds. 

Lead and cadmium are miscible in all })roportions.^® 

Aritinio ny. -Cadumim and antimony mix in all })roportions.^® The 

^ Saldeau, »/. Phys. Chmi. Hoc., 1914, 46 , 994. * Vogel, loc. cit. 

® Heycock and Neville, Trans. Ohem. Hoc., 1892, 61 , 888 . Vogel {he. cit.) criticiHed 
their procedure. 

* Donaki, Zeitsch. anorg. Chem., 1908, 57 , 185. 

® Hulett and de Lury, J. Amir. Ghem. Hoc., 1908, 30 , 1805. 

® Humphreys, Trans. Ghem. Hoc., 1896, 69 , 1680. 

’ Willows, Phil. Mag., 1899, [5], 48 , 434. 

* Perdue and Hulett, J. Physical Ghem., 1911, 15 , 147. 

® Smith, Anier. Ghem. J., 1900, 36 , 124. Por froczing-])oint curve, see B^^jl, Zeitsch. 
physikal, Ghem., 1902, 41 , 641. 

Kerp and Bottger, Zeitsch. anorg. Ghem., U^O, 25 , 59 (("d^Hg,, m.-pt. 70^-75° C.); 
Stromeyer, HcJiweiggePs J., 1818, 22 , 362 (CdHgj). 

“ Prilley, Rev. 'Met., 1911, 8 , 541. 

Guyer, Zeitsch. anorg. Ghem., 1908, 57 , 149. 

Wright, J. Hoc. Ghem. Ind., 1892, ii, 492 ; 1894, 13 , 1017. 

di Capua, Atti R. Accad. Lined, 1923, 32 , ii, 343. 

Bucher, Zeitsch. anorg. Ghem., 1916, 98 , 97. 

Wright, J. Hoc. Ghem. Ind., 1894, 13 , 1016. 

Padoa and Bovini, Gazzetta, 1914, 44 , ii, 528. 

Mazzotto, Int. Zeitsch. Melallographie, 1913, 4 , 13. For freezing-point curve, also 
see Sohlei< 3 her, ibid., 1912, 2 , 76; Guortler, ibid., 1912, 2, 90, 172. 
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compound CdgShg, crystallisin^r in the rhombic system, separates under 
appro[)riate conditions from the molten mixture of the two metals. It 
is less stable than CdSb, and tends to decompose into the latter.^ 
Cadmium-antimony alloys of approximately atomic composition have 
high thermo-electric power. ^ 

Bismuth and cadmium, when molten, are nnscible in all proportions,® 
but they apj^arcntly do not mix in the crystalline condition.^ 

Alloys of cadmium and nickel cannot be prepared with more than 
15 })er (;c?nt. of nickel because of the volatility of the cadmium ; they 
arc not magnetic. Cd 4 Ni exists.® 

CADMIUM AND THE HALOGENS. 

Cadmium Fluoride, CdF.^, has been prepared by evaporating a 
solution of the metal in hydrolluoric acid,® or by treating cadmium, 
cadmium oxide, or cadmium chloride (which decomposes incom})letely ) 
with hydrogen lluoride at a high temperature. It is a white crystalline 
]K)wder, insoluble in alcohol, that is converted into oxide by oxygen and 
steam at a red heat, and into sulphide by hydrogen sulphide at a moderate 
heat. Acids dissolve it, hydrofluoric acid })robably forming an acid 
salt,"^ and 1000 c.c. of water at 25” C. dissolve about 15 grm.® 

It melts at 520° C.,® is not volatile at 1200° C., aiid its density is 
6-64’ — according to Clarke and Kcblcr 5-994 at 22° C.^® 

The double fluorides 2KCl.CdE2,” NH^F.CdFg,!® and 2 CdF 2 .ZrF 4 . 
OllgO have been described. 

Cadmium Chloride, CdClg.- - Anhydrous cadmium chloride is a 
very stable salt, and can be })repared by dehydrating one of its hydrates 
or by lu‘ating the oxide in a current of chlorine. Baxter and Hines 
obtained a pure salt by igniting the double chloride NIl 4 Cl.CdCl 2 . It 
has also been j)repared pure by dissolving redistilled cadmium in hydro- 
chloric acid, evaporating to dryness with excess of the acid, and dis- 
tilling in a current of hydrogen chloride,^® and by fusing cadmium 
bromide in a current of chlorine. The pure chloride can always be 
rendered anhydrous by heating in dry hydrogen chloride.^’ The trans- 
parent pearly mass melts at about 508° C., boils at about 964° C., and 
condenses, when sublimed, in transparent micaceous laminse.^® 

^ Kurnakoff and Konstantin of?, J. Russ. Phys. Chem. Soc., J908, 40 , 227; Zeitsch. 
anorg. Chem., 1908, $ 8 , 1. See Kromann and Gmachl-f^arnmcr, Chem. Zentr., 1921, i, 123. 

* Fischer and Pfleiderer, ibid., 1921, i, 349. 

® Wright, J. Soc. Chem. Ind., 1894, 13 , 1016. 

* Petrenko and Fedorov, J. Russ. Phys. Chem. Soc., 1914, 46 , 785. 

^ Vors, Zeitsch. anorg. Chem., 1908, 57 , 34. 

® Berzelius, Pogg. Annalen, 1824, i, 26, 199. 

’ Poulenc, Compt. rend., 1893, 1 16 , 581 ; Ann. Chim. Phys., 1894, [7], 2 , 33. 

* Jac^ger, Zeitsch. anorg. Chem., 1901, 27 , 34. 

* (Wnelley, Trans. Chem. Soc., 1878, 33 , 278. Above 1000® C. according to Ruff and 

Plato, Ber., 1903, 36 , 2357. Clarkd and Kebler, Jahresber., 1883, 51. 

J’oulenc, Ann. Chim. Phys., 1894, [7], 2 , 39. 

Marignac, ibid., 1860, [3], 60 , 286. 

Helmholt, Zeitsch. anorg. Chem., 1893, 3 , 115. 

Weber, Pogg. Annalen, 1861, 112 , 619. 

Baxter and Hines, Amer. Chem. J., 1904, 31 , 220. 

Morse and Jones, ihid., 1890, 12 , 488. 

Baxter and Hartmann, ./. Ainer. Chem. Soc., 1915, 37 , 113. 

Weber, Zeitsch. anorg. Chem., 1899, 21 , 305; m.-pt. 546® C. according to Canielley, 
he. cit. ; 590° C. according to Ruff and Plato, he. cit. ; 568° C. according to Hochmeister, 
Zeitsch. amrg. Chem., 1919, 109 , 145, 
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The fused salt has a density of 4*049 at 25° C. (referred to water at 
4° C.),^ and when strongly heated reacts with oxygen or hydrogen;^ 
it does not react with nitrogen peroxide.^ 

[Cd] + (Cl2)-[CdCl2]+93*2 Cal.M+93‘() Cal.).® 

Molten cadmium chloride conducts electricity.® 

It dissolves somewhat in methyl and ethyl alcohols,’^ slightly in 
acetone,® and the depression of the freezing-points of its solutions in 
urethane indicates the formula CdClg.^ 

The boiling-points of its solutions in quinoline also indicate a normal 
formula. 

Hydrates of cadmium chloride with 5, 4, 2j, 2, and 1 molecules of 
water have been described, but those with 5 and 2 are doubtful. 

Sulphuric acid added to a solution of cadmium chloride preci])itates, 
according to Viard,^^ the nnmohydrate or the dihydrate according to the 
amount oJ* acid added. Needle-shaped crystals of the monohydrate 
separate from a 58 ])er cent, solution evaporated at 40° C.,^^ or by 
crystallising either a neutral solution of the carbonate in hydrochloric 
acid or a saturated solution of cacltniurn (*hlorid(f saturated with hydro- 
gen chloride.^® It is dehydrated completely at 12()°-13()° Accord- 

ing to Viard,^^ the anhydrous salt becomes the monohydrate in ordinary 
air, and in dry air the change is reversed. 

Hauer described a dihydrate. It has been said to sci)aratc when 
cold solutions of cadmium (chloride arc evaporated, the monohydrate 
separating at higher temperatures,^® and the temperature of transition 
from the dihydrate to the monohydrate has been given as 34* 1° C.^® 
Viard says that the dihydrate becomes the monohydrate when ex})osed 
to air.i^ According to Dietz, irionoclinic crystals of CdCl2.2jH20 
separate from concentrated solutions at ordinary tem])oraturcs. This 
hydrate seems to exist in two modifications, and its transition tempera- 
ture into the monohydrate appears to be about 34° Tlie crystals 

may be thick tabk^s or short pyramids.’^ Sudhaus claims to have con- 
firmed the existence of both CdCIg.^llIgO and CdCl 2 . 2 H. 20 .^® 

The tetrahydrate se])arates in prismatic crystals from a 50-58 per 
cent, solution of CdCl 2 - 10° C. Above —5° C., though it may exist 
in a labile form, it passes into CdClg/illlgO.^® 


^ Baxter and Hines, lor. cit. ; Bodeker, Jahresbrr.^ 1800, 17 (3*020) ; Knight, Jkr.f 
1878, II, 1505 (3*938 at 23° i\) ; Clarke, Amer. Ghcm. 1883, 5 , 240 (3*055 at 17° C.). 

2 Potilitzen, Ber., 1879, 12 , 095, 2170. 

3 Thomas, Ann. Chirn. Phys., 1898, f?], 13 , 222. 

« Berthelot, ibid., 1878, fO], 15 , 186. 

® Taylor and Perrott, J. Amrr. Chem. Soc., 1921, 43 , 484. 

® Craetz, Wied. Annalen, 1890, 40 , 463. 

’ Lohry de Bniyn, Zritsch. physikal. Chem., 1892, 10 , 783. 

3 Krug and Klroy, Jahreaber., 1892, 1554. 

® Castoro, GazzeUa, 1898, 28 , ii, 317. .h. 

Beckmann, Zeitach. anorg. Chem., 1906, 51 , 230. 

Viard, Compt. rend., 1902, 135 , 244. 

^3 Dietz, Zeitach. anorg. Chem., 1899, 20 , 263. 

^3 l^escceur, Ann, Chim. Phys., 1894, [7], 2 , 86 . 

Hauer, J. praM. Chem., 1854, 63 , 432. 

'3 Pickering, Tram. Chem. Boc., 1887, 51 , 76. 

Cohen, Zeitach. physilcol. Chem., 1894, 14 , 71. 

J’ Miigge, Biimcr, and Sommerfeldt, Chem. Zentr., 1899, ii, 240. 

« Sudhaus, J. Chem. Soc., 1914, 106 , Abs. ii, 205. 

Dietz, loc. cit. Cf. Loscoeur, loc. cit. 
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The peyntahydrate, said to be obtained by ery stall isation below 
— li"" C./ has not been eonfirmed.^ 

[CdCl 2 ] + 400Aq.=CdCl2-Aq. +3-882 Cal. (|)re})ared at 200° C. The 
fused salt ^^ave +8*211 ('al.). 

I Cddg.IIgO I -) iOOAq. -CdClg.Aq. ^ 0*625 Cal. 

I CdCl2.2lJ20J -t iOOAq. --CdClg.Aq. -2-284 Cal.^ 

Th(‘ solubility of eadiniuin chloride iu frrain CdCl 2 U)0 
solution has been dctcrniincd as follows ^ : — 

(\1C12.4H20. 

Temperature, ° C. 9 0 -(10 +15 

Solubility . . 48-58 49*89 55-58 59-12 

CdCl2.2pi20. 

Temperature, ° -10 0 f 18 [ 80 +80 

Solubility . . 44-85 47-87 52-58 50-27 57*91 

CdCl^.HaO. 

Temperature 10 20 40 00 80 100 

Solubility . . 57-47 57-85 57*51 57-77 58-41 59-82 

Cadmium chloride is strongly ionised in acpieous solution.^ Hydro- 
lysis is slifj^ht, though it becomes noticeable at hij^her temperatures.® 

Hy heating anhydrous cadmium chloride and metallic cadmium in 
vacuo or in an atmos})here of nitrogen to the fusing-])oint ol‘ the metal, 
a garnet-red-coloured liquid is ])roduced that solidifies to a greyish- 
white mass. Its eomj)osition corresponds to the formula Cd 4 Cl 7 , and it 
may be a loose compound of CdCl and CdClg (CdC1.3CdCl2), or a solution 
of the former in the latter. It is a powerful reducing agent, and water 
decomposes it into cadmium chloride and cadmous hydroxide, CdOH. 
It decomposes into cadmium metal and cadmium chloride when strongly 
heated."^ 

Compounds of Cadmium Chloride with Ammonia, — Anhydrous 
cadmium chloride absorbs ammonia gas with increasing rapidity.® 
The hexammoniate, CdCl 2 . 0 NIl 3 , is produced if the temperature is 
kej)t well below 0° C.® Ammoniacal compounds are obtained by dis- 
solving cadmium chloride in ammonia solution and passing in ammonia 
gas.®’ If the temperature is kept at 0° C. small transparent crystals 

* WorobiefT, Zeitach, anorg. Chem., 1898, i 8 , 386. 

2 Dietz, Zeitsch, anorg. Chem., 1899, 20 , 253. Cf. Lescewur, Ann. Chim. Phys., 1894, 
[7.1, 2 , 86 . 

® Pi(;kering, Trans. Chem. Soc., 1887, 51 , 76. See under Dihydrate. 

* Dietz, loc. cit,\ ! 6 tard, Ann. Chim.. Phys., 1894, [7], 2 , 536. 

® Clrotrian, Wied. Annalen, 1883, 18 , 190 ; Wershoven, Zeitsch. physiJcal. Chem., 1890, 
5 , 481 ; Jones and Knight, Amer. Chem, J,, 1899, 22 , 110 ; Jahn, Zeitsch. physikal. Chem., 
1901, 37 , 673. For osmotic pressure data, sec Jones and Chambers, Amer. Chem. J., 1900, 
23 , 89 ; Jones, Zeitsch. physikal, Chem., 1893, ii, 542. Varct {Compt. rend., 1896, 123 , 
421) has determined the heat evolved when various solutions are added to solutions of 
cadmium chloride. 

* Kahlenberg, J. Amer, Chem. Soc., 1899, 21 , 1 ; Bcin, Zeitsch. physikal. Chem., 1898, 
27 , 51. 

’ Morse and Jones, Amer. Chem. J., 1890, 12 , 488. 

* Croft, Phil. Mag., 1842, [3], 21 , 355. 

® Lang and Rigaut, J. Chem. Soc,, 1899, 71 , 883. 

Andre, Compt. rend., 1887, 104 , 908. 
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of CdClg.CNHa separate out. This substance, which is only slightly 
soluble in water, cannot exist above (12° C., and decomposes at 100° C. 
into CdCl 2 . 2 NIl 3 , which is quite stable under ordinary conditions and 
only begins to decompose at 210° C.^ CdCl 2 . 2 NH 3 crystallises out 
under ordinary conditions from solutions of cadmium chloride in 
ammonia, ® and is also obtained as a white crystalline powder by 
passing ammonia gas into an alcoholic solution of cadmium chloride.^ 
When heated in a glass retort a transparent, yellowish, glassy mass of 
CdClg.NIIa distils over.^’^ 

The unstable acid salt, 2lICl.CdCl2.7l I gO, is precipitated by satu- 
rating a cold saturated solution of cadmium chloride with hydrogen 
chloride.^ 

Some oxychlorides of cadmium liave been dc*seribed.® Hexagonal 
crystals of Cd(OH)(1, of density 4*50 at 15° C., were obtained by heating 
cadmium chloride with jK)wdercd marble at 200° C. in sealed tubes. 
Cadmium hydroxide can be substituted for the marble.'^ 

The following double chlorides of cadmium ® arc known : LiCl. 
CdClg.SlHaO;^ 2Na(^l.CdCl2.3H20 lo/n, 12,13 and ‘iNaCl.CdClg ; KCl. 
CdCi2,i^’i‘''’^«’inai.C(l(:i2.Il20,i3’i8’i»2ia:i.CdCl2,i«’i^’i^ HvCl.CdClg;^^’^^’^® 
KbCl.CdClg,"" 4RbC1.CdCl2 ; 21 CsCl.CdCla,^- 2CsCl.CdCl2 ; 2 ^’ 

NH 4 Cl.CdCi 2 ,^»’i'*’‘‘'^’ 2‘'’26 4NIl4Cl.CdCl2,^i’^«’2J’27>28 NH 4 C 1 . 2 CdCl 2 ; CuClg. 

CdCl2.4ll20,2« 4^CuCU.Cdi\’^^ 2Cu2Cl2.CdCl2;3« BaCla.C^lCU. HlgO.^i’i^as 
RaCl2.CdCl2.5ll20 ; ^«\SrCl2.2CdCl2.7H2C),3i CaCl2.2Cd(l2.7n20 ; MgCl2. 
2CdCl2.12ll20;i8 2CdCl2.MnCl2.12H20,2» 2Cd(l2.FeCl2.12ll20,2« 2CdCl2. 

CoCl2.12ll20,2« CdCl2,2NiCl2.12H20,»2 ‘iCdClg.NiCla.PillaO.^^ 

Cadmium Bromide, CdBrg. — Cadmium and bromine do not 
react in tlie cold, but if bromine vapour is passed over the metal heated 

^ Lang and Higaut, loc. cil. ^ Cioft, loc. cit. 

® Tassilly, CompL rend., 1897, 124 , 1022 ; Ann. Chim. Phya., 1809, [7J, 17 , 102. 

* Kwasriik, Arch. Pharm., 1891, 229 , 5(i9. 

® Beriholot, Ann. Chim. PJiys.^ 1881, [5], 23 , 80. 

« TaHsilJy, ibid., 1899, [7], 17 , 81. 

7 cle Sohnltcn, Co7npt. rend., 1888, 106 , 1074. 

® Oornec and Urbain have studied, by cryoscojac inetiiods, the salts Md.l.'dC’h 
(M-Na, K, NH 4 or H) {BtUl. Soc. chim., 1919, [4], 25 , 218). 

® ('hassevant, Ann. Chim. Phijs., 189.*}, [0], 30 , 39. 

Croft, Phil. Mag., 1842, [3], 21 , 355. 

Hauer, Jahresber., 1855, 392. Kudorff, Ber., 1888, 31 , 3048. 

Sudhatis, J. Chem. Soc., 1914, 106 , Abs. ii, 20.5. 

Brand, Jahrb. Min. Beil. Bd., 1911, 32 , 027. 

18 Varet, Compt. rend., 1896, 123 , 422. 

^8 Jones and Ota, Amer. Chem. J., 1899, 22 , 11. 

17 Lindsay, ibid., 1901, 25 , 00 . 

« Rimbach, Ber., 1897, 30 , .3073. 

^8 Traube, Zeitsch. Kryst. Min., 1898, 29 , 602. 

88 Rimbach, Ber., 1902, 35 , 1303. 

81 Rimbach, ibid., 1905, 38 , 1509. 

88 Wells and Walden, Zeitsch. anory. Che^n., 1394, 5 , 209. 

8 * Codeffroy, Ber., 1876, 8 , 9. 

8 * Crossmann, Zeitsch. anorg. Chem., 1903, 33 , 149. 

88 Baxter and Hines, Amer. Chem. J., 1904, 31 , 220. 

88 Hachmeister, Zeitsch. anorg. Chem., 1919, 109 , 145. 

*7 Andr 6 , Compt. rend., 1887, 104 , 908. 

88 Tassilly, Ann. Chim. Phys., 1899, [7], 17 , 109. 

88 Hauer, J. prakt. Chem., 1865, [ 1 ], 66 , 176. 

88 Hermann, Zeitsch. anorg. Chem., 1911, 71 , 257. 

•1 Jones and Knight, Amer. Chem. J., 1899, 22 , 120. 

82 Hauer, J. prakt. Chem., 1860, [1], 69 , 121. 
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almost to redness, white anhydrous CdBr^ sublimes.^ The anhydrous 
salt is also obtained by heating the tetrahydrate, CdBrg. 41 X 40 .^ It 
has been prepared pure by dissolving the pure carbonate in pure hydro- 
bromic acid, drying at 200° C., and subliming in a current of pure dry 
carbon dioxide. The lustrous crystals thus obtained were not hydro- 
scopic.® In connection with atomic-weight determinations electrolytic 
cadmium has been dissolved in dilute aqueous hydrobromic acid and 
bromine. After treatment with excess of cadmium the filtered solution 
of cadmium bromide was crystallised. Fractional crystallisation has been 
found to be very effective in preparing the pure salt. To obtain it in a final 
anhydrous state it was heated in nitrogen containing hydrogen bromide.^ 
Cadmium bromide melts at 5C7° C.® and boils at 8C3° C.® It 
volatilises without decomposition,^ and its va])Our density corresponds 
to the formula CdBrg.’ The same formula is also indicated by the 
boiling-points of quinoline solutions.® Its density, referred to water 
at 4° C., is 5196 at 25° C.« 

At a red heat it is easily reduced by hydrogen or oxidised by oxygen.^® 
Nitrogen peroxide liberates small (juantities of bromine from it.^^ Its 
heat of formation is 84-2 Cal.^® 

'The fused salt conducts electricity,^® and the salt is very soluble 
in water. Its aqueous solutions are strongly ionised.^® 

The solubilities of the tetrahydrate and inonohydrate arc — 


Temperature, ° C. . 


CdBr2.4H20. 
0 18 

30 

38 


CdBr^ in grin, per 
solution 

100 grin. 

37-92 48-90 

50-9 

01-84 


Tem|jerature, ° C. . 


CdBr 2 .H 20 . 
35 40 

45 

00 80 

100 

CdBrg in grrn. per 
solution 

100 grin. 

00-29 60-65 

60-75 

61-10 01-29 

01-63 

Since the transition-point between 

these two 

liydratcs is 

about 


36° C., the monohydrate is converted into the tetrahydrate under water 

^ Bortlicmot, Ann. Chim. Phys.y 1830, [2], 44 , 387 ; Ragland, Amur. Chem. J., 1899, 
22 , 418. 

^ Croft, Phil. Mag., 1842, [3J, 21 , 356. 

® Huntingdon, Che.m. Newa, 1881, 44 , 208. Morne and Jones {Aw,er. Chem. J., 1890, 
12 , 490) evaporated the Cd Bi g to dryness with excess of the acid and heated in a current 
of HBr. 

* Baxter and Hartmann, J. Amer. Chem. Soc., 1915, 37 , 113; Baxter, Grose, and 
Hartmann, ibid., 1916, 38 , 858 ; Baxter and Wilson, ibid., 1921, 43 , 1231. 

® Nacken, Centr. Min., 1907, 301 ; Brand, Jahrb. Miner., 1913, i, 9. 

® Weber, Zeitsch. anorg. Chem., 1899, 21 , 351. Camelley and Williams {Tram. Chem. 
kSoc., 1880, 37 , 126) found 806°-812^ C. ’ c. and V. Moyer, Her., 1879, 12 , 1284. 

* Beckmann, Zeitsch. anorg. Chem., 1906, 51 , 236. 

® Baxter and Hines, A mcr. Chem. J., 1904, 31 , 228. Boedeker {Jahresher., 1860, 17 ) 
found 4-712-4 91. Potilitzen, Ber., 1879, 12 , 695, 2170. 

Thomas, Ann. Chim. Phyn., 1898, [7], 13 , 222. 

Berthelot, ibid., 1878, [5], 15 , 186. 

Graetz, Ann. Phys. Chem., 1890, [2], 40 , 18; Garrard, Zeitsch. anorg. Chem., 1900, 
25 , 297. 

Kremers, Pogg. Annalen; 1858, 103 , 57 ; Gcrlach, Zeitsch. anal. Chem., 1869, 8 , 285 ; 
^tard, Ann. Chim. Phys., 1894, [7], 2 , 541. 

For conductivity data, sec Grotrian, Compt. rend., 1883, 96 , 996 ; Wershoven, Zeitsch. 
physikal. Chem., 1890, 5 , 493 ; Jones and Knight, Amer. Chem. J., 1899, 22 , 131 ; Fox, 
Zeitsch, physikal. Chem., 1902, 41 , 464. For osmotic data, see Jones, ibid., 1893, XI, 543 ; 
Jones and Chambers, Amer. Chem. J., 1900, 23 , 97. 
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at ordinary temperatures, and from solutions of cadmium bromide 
the tetrahydrate or the monohydratc crystallises according as the 
temperature is below or above 36° C. There is aj)parently no C'dBrg. 
2JH2O, though CdClBr.2jH20 has been obtained.^ 

The tetrahydrate crystallises in long efflorescent prisms that are 
dehydrated by heating to 200° The monohydrate crystallises in 
shining needles that lose their water slowly at 100° C. and ra])idly at 
145° C.i 

The electrical conductivity of cadmium bromide has been deter- 
mined in its solutions in methyl alcohol, ethyl alcohol, ether, acetone,® 
some other ketones, and propionitrile.^ 

|CdBr2]-f400Aq. — CdBrg.Aq. +0*44 Cal. 

fCdBr2.4H2OJ+610Aq.— CdBrg.Aq. —7-29 Cal.® 

Cd4Br7 is strietly analogous to Cd^Cl,, and is prepared in a similar 
manner.® 

Compounds of Cadmium Bromide with Ammonia, — The anhydrous 
salt absorbs ammonia gas freely. The teframntoniate, (\lBr2.4NlI3, is 
obtained as a white j)owdcr by complete saturation. Colourless octa- 
hedral crystals of diammomate, CdBr2.2Nn3, are dej^osited by cooling 
or evaporating a solution of cadmium bromide in hot ammonia solution. 
Both substances are decomposed by water and lose ammonia when 
heated."^ The latter salt has also been obtained by warming cadmium 
hydroxide with a solution of ammonium bromide.® Tassilly obtained 
brilliant unstable crystals of a triarnmoniate, CdBrg.SNII^, by passing 
ammonia gas through the anhydrous salt dissolved in aqueous ammonia. 

Some oxyhromides of cadmium have been described.® Colourless 
transparent j^lates of Cd(OH)Br, of density 4*87 at 15° C., were obtained 
by heating cadmium bromide and marble to 200° C. in sealed tubes. 

The following double bromides of cadmium are known : NaBr. 
CdBr2.2iH20,i2’i3’i4 2NaBr.3CdBr2.6H20,i® 4NaBr.CdBr2;i® KBr.CdBrg. 
JHO,i4,i5,i6 KBr.CdBr2.H20,i®’i®’i’ 2Kl?r.CdBr2,i® 4KBr.CdBr2 ; 1 ®’ i’ 
RbBr.CdBr2,^® 4RbBr.CdBr2 ; 1® CsBr.CdBrg,^^ 2CsBr.CdBr2,i4 3C:sBr. 
CdBrg ; NIIJh.CdBrg,!® NH4Br.CdBro. 4NIl4Br. 
CdBrg ; ^®’ 1®’ 1®* 2® (^uBr.CViBra ; 21 BaBr2.CdBr2.4ll20.i®‘ 2 ®’ 23 

^ Dietz, ZeiUich. anorg. Che7n.y 1899, 20, 200. 

* Croft, Phil, Mag.y 1842, [3], 21, 356; Hammi'lsberg, Pogg. Annalcn, 1842, 55, 241 ; 
Lcscccur, Ann. Chi-m. Phys.^ 1894, [7j, 2, 102. 

® Arrhenius, Zeitsch. phyaikal. Chem., 1892, 9, 493. 

^ Dutoit and Aston, CornpL rend., 1897, 125, 241. 

6 Thomsen, prakt. Chem., 1877, [2J, i6, 323 ; Per., 1877, fl J, 10, 10l7. 

® Morse and Jones, Amer. Ghem. J., 1890, 12, 490. 

’ Croft, loc. cit. ; Rammelsberg, he. cit. ; Tassilly, Ann. Ghim. Phys., 1899, [7], 

17, 101. 

® Grossmann, Zeitsch. anorg. Ghcm., 1903, 33, 161. 

® Tassilly, he. eii., 84. do iSchultcn, Gompi. rend., 1888, 106, 1674. 

Cornec and Urbain {Gompt. rend., 1914, 158, 1118) have studied the cryoscopy of 
CdBrg and alkali bromides. (Voft, J. prakt. Ghem., 1856, (1], 68, 399. 

Eder, Phot. Korresp. Wien, 1876, 13, 83; Dingl. poly. J., 1870, 221, 189; Zeitsch. 
anorg. Ghem., 1903, 36, 412. Wells and Walden, ibid., 1894, 5, 266. 

Jones and Knight, Amer. Ghem. J., 1899, 22, 130. 

Rimbach, Ber., 1905, 38, 1553. Hauer, J. prakt. Ghem., 1855, 64, 477. 

« Croft, Phil. Mag., 1842, [3], 21, 366. 

Tassilly, he. cit, 97. 

•® Grossmann, Zeitsch, anorg, Ghem., 1903, 33, 161. 

Hermann, ibid., 1911, 71, 267. 

*» Hauer, J. prakt Ghem., 1856, 69, 121. 


Clarke, Ber., 1879, 12, 1398. 
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Cadmium Iodide, Cdig. — The anhydrous salt has been prepared 
by heating? equivalent quantities of cadmium and iodine in an evacuated 
tube. It also crystallises, in trans})arent hexa^^onal crystals, from 
solutions obtained by («) the action of iodine upon cadmium under 
water ; (b) the action of aqueous hydriodic acid upon cadmium carbonate 
or metallic cadmium, or a mixture of these two, or cadmium oxide ; 
(c) interaction between potassium iodide and cadmium sulphate.^* 

It has been prepared pure by dissolving:? cadmium carbonate in 
hydriodic acid, evaporating to dryness with excess of the acid, and 
heating in a current of hydrogen iodide."* 

Determinations of its density liave varied grcatl}^ and Clarke 
and Kebler ^ inferred that the salt existed in both an a-form and 
a ^-form of lower density that was brownish and gradually trans- 
formed into the a- variety at 50° C. According to Snell, ^ the so-called 
jS-cadmium iodide, of low density, obtained by crystallising the salt 
from its solution in hydriodic acid, contained hydrogen iodide and water, 
and he concluded that there is no valid evidence for a cadmium iodide 
of lower density than 5-0. Cohen and Moesveld ® affirm that between 
ordinary temperatures and its melting-])oint (about 400° C'.) cadmium 
iodide exists in a stable a-form of density 5 070 at 30°/4° C., and an 
unstable jS-forrn of considerably less density. If this is so, the properties 
of cadmium iodide, as usually described, refer to a mixture of the two 
forms in unknown ])roportions. 

Cadmium iodide is said to melt at 385° C."^ and boil at 708°-719° C.® 
It is readily oxidised by nitrogen peroxide at ordinary temperatures ® 
and by oxygen when heated. It dissociates slightly when heated 
in nitrogen, and is incompletely reduced by heating in a current of 
hydrogen. Its heat of formation is 48*5 Cal.^^ 

The salt is very soluble in water — a solution saturated at 18° C. 
contains 46 02 per cent, of cadmium iodide — and no hydrates have 
been crystallised from its solutions.^® Its heat of solution is —9*60 
Cal. 

Aqueous solutions of cadmium iodide are somewhat strongly ionised, i® 

^ Clarke and Kebler, Amer. Chc.m. J., 1883, 5 , 235. 

* Snell, J, Amer. Chem. Soc.^ 1907, 29 , 128^ 

a Fullerton, Jahrenher., 1877, 43 (density 5-9857 at 12^ C. and 5-9738 at 13-5° C.). 

* Morse and Jones, Amer. Chem. J., 1890, 12 , 491. 

a Boedeker, Jahresber., 1860, 17 (density 4-576 at 10” C.). 

® Cohen and Moesveld, ZeiUch. physikal. Chem., 1920, 94 , 471. 

’ Nacken, Centr. Min., 1907, 301 ; Brand, iUd., 1912, 26. Ruff and Plato {Ber., 
1903, 36 , 2357) gave 350° C., and Sandonnini {Atti It. Accad. Lincei, 1912, [5], 21 , 

1, 208) gave 380° C. 

® (Jamelley and Williams, Trans. Chem. Sac., 1880, 47 , 126. 

® Thomas, Ann. Chim. Phys., 1898, |7], 13 , 222. 

Berthelot, Mecanique Chimique (Dunod, Paris), 1879, ii, 487. 

Bcrthclot, Ann. Chim. Phys., 1881, [5], 23 , 92. 

** Taylor and Perrott, J. Amer. Chem. Sor,., 1921, 43 , 484. Berthclot {A7in. Chim. Phys., 
1878, [5], 15 , 186) gave 45-8 Cal. 

Dietz, Zeitsch. anorg. Chem., 1899, 20 , 262. See ifitard, Ann. Chim. Phys., 1894, [7], 

2 , 545, for solubilities at temperatures over 100° C. 

Thomsen, Jahresber., 1879, 120. 

Orotrian, Compt. rend., 1883, 96 , 996 ; Wershoven, Zeitsch. physikal. Chem., 1890, 
5 , 493 ; Zelinski and Krapiwin, ibid., 1896, 21 , 39 ; Jahn, ibid., 1901, 37 , 673 ; Heym, 
Ann. Physique, 1919, [9], X2, 443. For osmotic data, sec Moser, Sitzungsber. K. Akad. 
Wiss. Berlin, i878, 868 ; Taramann, Zeitsch. physikal. Chem., 1888, 2, 45; Arrhenius, 
ibid., 1888, 2, 496 ; Beckmann, iUd., 1890, 6, 460 ; Jones, ibid., 1893, XZ, 544 ; Chambers 
and Frazer, Amer. Chem. J., 1900, 23 , 516. 
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The experimental data indicate the presence of complex ions,^ and, 
according to McBain,*^ dilute solutions contain the ions Cd‘* and F, 
and concentrated solutions tlic ions Cd“ and C'dF.^. 

Cadmium iodide dissolves in alcohol, ether, ^ and amyl alcohol.^ 
Its heats of solution in methyl, ethyl, and propyl alcohols are respec- 
tively C-65, 4*31, and 2-66 Cal/'* Neither methylene iodide ® nor 
arsenic tribromide ’ has a solvent action on it. Conductivity and 
osmotic data indicate that com})lex ions exist in its solutions in the 
alcohols.^ 

The boilinj^- points of its solutions in t|^uinoline indieate the formula 

Cdig.® 



^^12^23 analogous to Cd4Cl7, and is prepared in a similar manner.^® 

Compounds of Cadmium Iodide ivitk Ammoina. —CBidimum iodide 
absorbs ammonia gas, at a genthi heat, to 1‘orm the hexammoniate 
CdIg.ONHg. It is a white powder, decomposed by water, that loses 
its ammonia when heated. When a solution of tlie anh3^drous salt 
in warm ammonia solution is cooled, colourless crystals of the di- 
ammoniate Cdl2.2NH3 separate. They melt, on heating, with the loss 
of their ammonia, and are decomposed by water. When ammonia 

^ NoyeH and Falk, J, Anwr. Chefn. Soc., 1911, 33, 1400; Name and Brown, Airier. J. 
Sci., 1917, [4], 44, 453. ^ McRain, Zeitseh. Elellrochem.y 1905, ii, 215. 

* Elder, Dingl. poly. J.y 1870, 221, 189. 

* Hittorf, Pogg. Annalen, 1859, 106, 551, 554, 558. 

® Timofeiew, Compt. rend-.., 1891, 112, 1224. 

* Retgers, Zeitseh. anorg. Chem., 1893, 3, 346. 

’ Walden, ibid., 1902, 29, 374. 

* Cetman and Cibbons, J. Amer. Chem. Soc., 1915, 37, 1990. See Zelinski and Krapi- 

win, Zeitseh. physikal. Chem., 1896, 21, 39; Jones and Carroll, Bull. Carnegie Inst., 1907, 
80, 41. * J^okmann, Zeitseh. aiiorg. Chem., 1906, 51, 236. 

Morse and Jones, Amer. Chem. J., 1890, I2, 491. 

Bammelsberg, Pogg. Anneden, 1839, 48, 153. 
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solution is added to a solution of cadmium iodide, the product is usually 
a mixture of this ammoniacal and a basic salt. By using dilute solutions 
the basic salt only is preei]>itated. The diammoniate can then be 
crystallised from the mother-liquor. By severely limiting the quantity 
of ammonia any formation of the ammoniacal salt is prevented.^ 

Some oxyiodides of cadmium have been described.^ 

Cadmium Hydrogen Iodides , — Dry cadmium iodide absorbs hydrogen 
iodide. It is also readily soluble in concentrated hydriodic acid solu- 
tion. This solution, on cooling to — 25 '' C., deposits a crystalline 
precipitate which is })robably an unstable acid cadmium iodide.® 
t>yoseopic data indicate the presence of Cdl2.2lII in th(i solution.^ 
Colourless needles of Cdlg.III.SlIgO have been obtained by saturating 
a pasty mass of cadmium iodide and its saturated solution with 
hydrogen iodide and cooling to -4.7® C. They are only stable in 
contact with the mother-liquor or in an atmos})here of hydrogen 
iodide.® 

Double Iodides of Cadmium ,^ — The following salts have been pre- 
pared : 2Nal.Cdl2.«lI./),’’ » 2NaI.2(ViJ2.5TIoO ; « 2KT.C(ll2,iO' i®’ 1® 

KI.CdI2.H2O,®’ 14, 16 2 KI.Cdl 2 . 2 lIoO; 7 ^®’»’^ 4 ,i 6 cSl.Cdl2.H20,» 2CsI.Cdl2,® 
SCsI.Cdla;^ NH4l.CdIo.iIl20,®“^4, 17 Nn4l.Cdl2.noO,i« 2Nll4l.Cdl2. 
2 H 20;’’®’®’14 SrI2.CdI2.8H2O; 7 ’ 11 BaI2.CdI2.5H2O; 7 Cdl 2 .: 3 Hgl 2 .i® 

Cadmium iodide forms double salts wdth many iodides ol* substituted 
ammonium bases.®® 

OXYHALOGEN COMPOUNDS OF CADMIUM. 

Cadmium Chlorate has been prepared by acting on a solution of 
barium chlorate with a solution of cadmium sulphate. ®i The dihydrate 
Cd(C103)2.2H20, which is the only stable hydrate, occurs in deliques- 
cent prismatic crystals that are very soluble in water or alcohol and 
melt, with decomposition, at 80 ° C.®® 

' Tassilly, Com'pt. revd., 1897, 124 , 1023 ; Ann. Chim. iV/ 7 /.v., 1890, [7], 17 , 102. 

* TaHsilly, ibid., 1899, (7], 17 , 87. 

® Herthelot, ibid., 1881, [5], 23 , 88 . 

^ Cornec and Urbain, Bull, ^’oc. chim., 1919, [4], 25 , 137. 

® DobroaerdolT, J. Russ. Phys. Che/tn. aSoc., 1900, 32 , 297. 

* Comec and Urbain {Compt. rend., 1914, 158 , 1118) have studied the cryoscopy of 
Cdlj and alkali iodides. 

Croft, J. praki. Chem., 1856, 68 , .399. 

* Eder, PJwt. Korreap. Wien, 1876, 13 , 83; Bingl. poly. J., 1876, 221 , 189; Zeitsch. 
anorg. Chem., 1903, 36 , 412. 

® Wells and Walden, Zeitsch. anorg. Chem., 1894, 5 , 266. 

10 Croft, Phil. Mag., 1842, [3], 21 , 367. 

“ Jones and Caldwell, Ainer, Chem. J., 1901, 25 , .355, 384. 

Brand, Centr. Min., 1912, 26. 

Grotrian, Wied. Annalen, 1883, 18 , 191 ; Wershoven, Zeitsch. physikal. Chem., 1890, 
5 , 493 ; McBain, Zeitsch. Elektrochem., 1905, ii, 222. 

Rimbach, Her., 1905, 38 , 1662. 

Baskervillc and Orozier, J. Amer. Chem. Soc., 1912, 34 , 1332. 

Clarke, Ber., 1879, 12 , 1398. 

Tassilly, Ann. Chim. Phys., 1899, [7], 17 , 97. 

Groflsmann, Zeitsch. anorg. Chem., 1903, 33 , 161. 

Clarke and Kebler, Amer. Chem. J., 1883, 5 , 235 ; Berthemot, J. Pharm. Chim., 1828, 
14 , 613. 

Datta, J. Amer. Chem. Soc., 1913, 35 , 949. 

Wachter, J. prakt. Chem., 1843, [1], 30 , 321. 

*® Meusser, Ber., 1902, 35 , 1420. 
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Cadmium Perchlorate. -A transparent crystalline mass, deli- 
quescent and soluble in alcohol, is obtained by evaporatinir a solution 
of cadmium oxide in j)erchloric acid.^ The fiepta- and tetra-hifdrates 
are very hygroscopic and, when heated, decompose before they lose all 
their water. The unstable hex- and tetr-ammoniates, Cd(C104)2.r)NH3 
and Cd(C104)2.4NH3, have been obtained.*^ 

Cadmium Bromate. -Rhombic prisms of cadmium bromate are 
obtained by double decomposition between barium bromate and 
cadmium sulphate. They arc probably the dihydrate Cd(Br03)2.2ll20, 
and are very soluble in water. Unstable small white crystals of the 
triammoniate, Cd(Br03)2.3Nn3, were obtained by the action of ammonia 
on a solution of the salt.^ 

Cadmium lodate. — A white precipitate is obtained by mixinej 
concentrated solutions of sodium iodate and cadmium acetate. The 
dried substance is only slij^htly soluble in water.^ 

Transparent prisms of the viotwhydraU^ C-d( 103)2.1100, separate when 
mixed dilute solutions of sodium iodate and cadmium nitrate are gently 
evaporated at the ordinary temperature. The crystals lose their water 
when heated, and finally evolve iodine and oxy^^en cadmium oxide 
being left. 

Cadmiuju iodate* absorbs ammonia and forms the tefraninwniafe, 
Cd(I03)2.4NIl3. Gentle eva])oration of cadmium iodate dissolved in 
concentrated ammonia solution yields an ammoniated salt that is 
insoluble in water and decomj)oses violently at 170 '^’ C.^ 

Cadmium Periodate. —Compounds of the general type c?;C(l().?/l207. 
havc^ been prepared by treating cadmium carbonate with periodic 
acid or by treating cadmium salts with alkaline ])eriodates.® A light 
brown powder of (^llllOg is ])recipitated by adding cadmium sulphate 
to a solution of Na2ll3l03.'^ 

CADMIUM AND OXYGEN. 

Cadmium Suboxide. —There is good evidence for the existence 
of Cd40 as an amorphous green powder, and of C'dyO both as an amor- 
phous green powder and as small yellow crystals. 

March and obtained a green product, which he regarded as C'd20, 
by heating cadmium oxalate to the melting-point of lead.® Since 
dilute acetic acid dissolved part of it and left a residue of metallic 
cadmium, subsequent workers regarded his product as a mixture of 
cadmium and its normal oxide, CdO.® 

According to Tanatar, amorphous green Cd40 is formed when 
cadmium oxalate is carefully heated in an atmosphere of dry carbon 
dioxide, which is converted into a j^ellowish-brown mixture of cadmium 


^ Serullas, Ann. Chim. Phys.^ 1831, [2], 46 , 305. 

® Salvadori, Gazzettaf 1912, 42 , i, 458. 

® Rammelsberg, Pogg. Annalen, 1842, 55 , 74; Topsoc, Jahresber., 1872, 164. 

* Rammelsberg, loc. cit.^ 1838, 44 , 666 . 

® Ditte, Ann. Chim. Phys.y 1890, [ 6 ], 21 , 166. 

® Rammelsberg, loc. cit., 1868, 134 , 516. 

’ Kimmins, Trans. Chem. 80 c., 1889, 55 , 161. 

® Marchand, Pogg. Annaleny 1836, 38 , 146. 

• Vogel, J. Pharm. Chim., 1855, [ 3 ], 28 , 356 ; Souohay and Lenssen, Annalen, 1857, 
103 , 316. 

voii. III. : n, 12 
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and oadmic oxide Ijv heatin^^ to the nieJtin^-point of the metal. ^ 
Denliani says that if tlie metallie eadniiuni, which is always formed 
during the reaction, is distilled off hi vacuo, <j[re?en anior])hous Cd 40 is 
obtained, but it never amounts to more tlian 4 per cent, by weight of 
the original oxalate. ^ 

Tanatar and Levin obtained dark green Cd^Og and Cd20 by heating 
cadmium oxalate and cadmie oxide in a])propriate })roportions. Either 
oxide, when heated in the absence of air, was converted into a mixture 
of metal and normal oxi(k‘.^ Denham, using this method and finally 
distilling off metallie cadmium under reduced jiressure, obtained some 
homogeneous green CdgO.^ 

Hydrogen rcjduees heated cadmium oxide either to metal ^ or to 
metal containing unchanged oxide. ^ 

When cadmium oxide is reduced fiy carbon monoxide in the heat, 
there is a distinct lessening of the velocity of reduction at a point 
corresponding to the formation (»f CdgO,** but the lower oxide could not 
1)0 isolated from this reaction. ^ 

When the com])ounds Cd 4 Cl 7 , Cd 4 Dr 7 , or Cdj 2 T 2 .j treated with 
water, tlu^ normal halogen compounds and eadmous hydroxide, (klOII, 
are jirodueed. Minute yellow transluccmt crystals of CdgO are obtained 
by heating this eadmous hydroxide in a current of dry nitrogen. When 
strongly heated it gives a green mixture of cadmium and cadmie oxide, 
and it ads as a strong reducing agent towards acids. Denham could 
not convert more than 5 })er cent, of the original chloride into suboxide. ^ 

Cadmium Oxide, CdO, occurs occasionally in nature as black, 
shining, regular oetah(‘dra of density G-15 and hardness .5.’ 

When cadmium is heated in the air it forms the characteristic 
einnamon-broAvn amorjihous oxide,® which can also be obtained by 
calcining tlu* hydroxide or carbonate,® or by heating cadmium fluoride 
in air or steam. Hegnault obtained cadmium oxide (apparently the 
ainorjihous form) by heating the metal in steam. 

The erj^stalline oxid(‘ may form when cadmium is sublimed in a tube 
containing air.’^ It has been obtained in black crystalline cubes by 
burning cadmium in oxygen,^® in deep red cubes by heating the oxide 
similarly, and in mieroscojiie oetahedra by igniting cadmium nitrate.^® 


' Tanatar, Zeitsch. nnorg. Chem., 1901, 27 , 432. Calorinu‘tri(! ineasurernents showed 
that it was not a mixture of (VI and Cd(.). Its density was 8*1 77- 8*207 at 19° C. Acids 
and ammonia decomj)OHcd it into (^dO and Cd. It was stable in dry air but slowly 
decom])osed by water. 

* Denham, Trans. Chfm. Soc., 1919, 115 , 556. 

® Tanatar and T..evin, ./. Russ. Phys. Chem. Roc., 1902, 34 , 495. Both oxides were 
attacked by dilute hydrochloric acid or water with the formation of cadmium and cadmium 
chloride or oxide. ^ (Baser, Zeitsch. anorg. Chem., 1903, 36 , 16. 

® Brislee, Tram. Chem. Roc., 1908, 93 , 162. 

® Morse and Jones, Amer. Chem. ./., 1890, I2, 488. 

’ Neumann and Wittie.h, Chem. Zeii., 1901, 25 , 661 ; Centr. Min., 1901, 549. 

** (lay-LuHsac, Ann. Chim. Phys., 1818, [2], 8, 100. 

® Ditto, Com.pt. rend., 1871, 73 , 272 ; Dlaser, Zeiisek. anorg. Chem., 1903, 36 , 15. 

Poulenc, Ann. Chim.. Phys,, 1894, [7], 2 , 38, 

” Regnault, ibid., 1836, [2], 62 , 351. 

Werther, ./. prakt. Chem., 1852, 55 , 118. 

Wittich and Neumann, Centr. Min., 1901, 549. 

Sidot, Compt. rend., 1869, 69 , 201 . 

Schiller, Annnlen, 1853, 87 , 43. For behaviour of oxide and occlusion of gases 
during ignition of the nitrate, see Morse and Jones, Amer. Chem. J., 1892, 14 , 264 ; Mors© 
and Arbuckle, ibid.^ 1898, 20 , 536. 
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The density of tlie artificial erystnls lias l>con \'ariously ^iven from 
6-25to81S.i 

Cadmium oxide is reduced by hydrogen at 400” and, tliou^li 
the action is reversible,^ the reduction takes })lace more easily than 
with zinc oxide.^ 

Cadmium oxide is also more easily r(*dueed by carbon than zinc 
oxide, and ma^nt‘sium reduces it at a red iieat.^ Chlorine, in the heat, 
readily converts it into the (‘hloride/* and wlum heated with sulphur 
or phos])horus vapour, cadmium sulphide or j)hosphides result.’ 

It volatiIis(‘s slowly or dissociates at 900”-1000” C., and the rate 
of loss becomes less as the oxide bccom(‘s denser or more crystalline.^ 

It is very insoluble in water, thouf^h acids dissolve it readily. 

[Cd| + (0) “fCdO| (amorphous)-} 57 0 Cal. 

[Cdj+(0)^^iCdO I (mainly crystalline)-l-0;i-0 Cal.^ 

The heat of solution in a(]|iieous hydroiluoric acid is 28-450 Cal.^‘^ 

Cadmous Hydroxide, CdOH, is jiroduced as a oreyish-whitc 
amorjdious ])rcci])itate during the action of water on the compounds 
(kl 4 Cl 7 , Cd^lir^, or C(li 2 l 2 :j* powerful reducing' a^^cait, dissolving 

in nitric acid with the ibrniation of oxides of nitrogen ami in other acids 
with the evolution of hydrogen. It ignites to yellow crystalline cadmium 
suboxide, Cd 20.^^ 

Cadmic Hydroxide. -Cadmium oxide, am()r])hous or crystalline, 
is converted into white cadmium hydroxide, Cd(()]I) 2 , by })rolongt^d 
treatment with water or solutions of eith(*r alkalies or salts. This 
amorphous hydroxide is often prejiared by precipitating solutions of 
cadmium nitrat(‘ with a earbonat(^-frcc alkali hydroxide and washing 
the ])reci})itate free from alkali.^^ If the cadmium nitrate solution is 
concentrated a basic salt may contaminate the prccijiitated hydroxicle.^^ 
A pure product is obtained by electrolysing a solution of an alkali 
salt (such as sodium nitrate) between a ])latinum cathod(‘ and a cadmium 
anode. Cadmium is dissolved by the anions, and jin^eipitation finally 
occurs, more readily if the solution is agitated, through the formation 
of hydroxyl ions at th<‘ cathode.^® 

* Neumann and AVittieh, Chem. Zeit.^ 1901, 25 , .56 1. 

2 Ditte, ConipL rend., 1871, 73 , 108. 

2 Regnault, hr. cit. 

* (irlaser {Zeitsch. anorg. Chem., ltK)3, 36 , 10 ) says the reduction begins at 282® C. 

^ Winkler, Bcr., 1890, 23 , 120. Acioording to Doeltz and (Jrauinann ( Metallurgies 1907, 
4 , 419), the reduction by carbon begins at 580® C-. in an atmosphere of nitrogen. 

® Weber, Pogg. Annalen, 1861, 112 , 619. 

7 Renault, Oom.pt. rend., 1873, 76 , 283. 

* Mixter, Artier. J. Sci., 1913, [4], 36 , 5.5. According to Damrn and Kraft (Ber., 1907, 
40 , 4775), it dissociates in vacuo at 1000 ° C. Colson {Com.pt. rend., 1899, 129 , 827) says 
it dissociates under 600° C., and Morse and White; said it dissociated when lu-ated with 
metallic cadmium {Jtmer. Cheni. J., 1889, ll, 258)7 According to Doeltz, and (iraumann 
{Metallurgie, 1906, 3 , 372), it volatilises appreciably at 800° V. and rapidly at 1000° C. 

® Mixter, loc. cit. 8 ce Ditte, Oom.pt. rend., 1871, 73 , 272. 

Mulert, Zcitsch. anorg. Ohem., 1912, 75 , 198. 

Morse and Jones, Amer. Ohem. J., 1890, 12 , 488. 

Follenius, Zeitsch, anal. Ohem., 1874, 13 , 280. 

Euler, Ber., 1903, 36 , 3400; Bersch, Zeitsch. physical. Ohem., 1891, 8 , 392. See 
Gay-Lussac, Ann. Chim. Phys., 1818, [ 1 ], 8 , 100. 

Schaffner, Annalen, 1844, 51 , 173. 

Lorenz, Zeitsch. anorg. Chern., 1896, 12 , 43. See Strecker, Zeitsch. Elekirochem., 

1898, 5 , 133. 
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According? to Rucliner/ a form of cadmium Jiydroxide that gives 
yellow cadmium sulphide with sodium sulphide is precipitated by 
adding sodium hydroxide to solutions of cadmium salts, and a form 
giving red cadmium sulphide with sodium sulphide cither performing 
this precipitation in the heat or adding the cadmium salt solution to 
the sodium hydroxide. 

A solution of ammonia precipitates cadmium hydroxide from 
solutions of cadmium salts, but the precipitate is soluble in excess of the 
reagent. This solution probably contains the complex group Cd(NH 3 ) 4 , 
which is less stable than the corresponding group containing zinc.^ 
Cadmium hydroxide can be precipitated in the amorphous form from 
its solution in ammonia by potassium hydroxide.^ 

Flattened hexagonal crystals of cadmium hydroxide, of density 
4*79 at 15° C., have been obtained by heating a solution of cadmium 
iodide with excess of potassium hydroxide till the ])recipitated hydroxide 
dissolved, and cooling.'^ It has also been obtained crystalline by 
leaving cadmium and iron in contact under a solution of ammonia.^ 

Cadmium hydroxide is very slightly soluble in water ^ but more 
soluble in solutions of some salts ’ — -including ammonium chloride.® 
It is less basic than zinc hydroxide.® 

[Cd(OH) 2 ] + 2HC1 . Aq. - CdCl g. Aep + 20 *29 Cal . 

|Cd(OIl) 2 l +2HBr.Aq. -CdBrg.Aq. +21-5(> Cal. 
lCd(01I)2]+2HI.Aq.-:Cdl2.Aq.+24-21 Cal.i® 

The corresi)onding figure for HF is 25*6 Cal.^^ 

An unstable potassium cadmalc may lx; formed when cadmium oxide 
is dissolved in molten caustic potash and the melt treated with aqueous 
potash. 

An amorphous basic chloride, Cd(OH)Cl, has been obtained by adding 
dilute ammonia to a boiling concentrated solution of cadmium chloride.^® 

Cadmium Peroxide.- - Ilaass obtained compounds varying in 
composition between Cd^Og and CdgO^ by the action of hydrogen 
peroxide upon cadmium hydroxide in experiments similar to those he 
performed upon zinc. Kouriloff obtained a yellow, finely crystalline 
powder of Cd 02 .Cd( 01 I )2 by evaporating cadmium hydroxide nearly 
to dryness with dilute hydrogen peroxide solution. It was soluble in 
ammonia, and hydrogen peroxide was produced when it was acted 
upon by acids. 

1 Buchner, Chem, 1887, ii, 1089. 

2 Bonsdorff, Ber., 1903, 36, 2323 ; Euler, ihid., 1903, 36, 3404. 

® Wackenroder, Annalen, 1842, 41, 319. 

* de Schulten, Compt. rend., 1885, loi, 72. 

® Nickles, Ann. Chim. Phys., 1848, [3], 22, 36. 

® Bodlander, ZeiUsch, physikal. Ghem.y 1898, 27, 66; Hertz, Zeitach. anorg, Chem.t 
1900, 24, 126. 

’ Bersch, Zeitsek. physikal. Chem., 1891, 8, 392. 

* Taasillv, Ann. Chim. Phys., 1899, [7], 17, 107 ; Grossmann, Zeitach. anorg. Chem., 
1903, 33, 149. 

* Carrara and Vespignini, Gazzetta, 1900, 30, ii, 36. 

Thomsen, Ber., 1883, 16, 2616. 

“ Mulert, Zeitach. anorg. Chem., 1912, 75, 198. 

Meunier, Compt. rend., 1865, 60, 637 ; 1866, 63, 330. 

** de Schulten, Aid., 1888, 106, 1674. 

Haass, Ber., 1884, 17, 2252. 

Kourilof!, Ann. Chim. Phya., 1891, [6], 23, 429. Prud’homme (Compt. rend., 1891, 
XZ2, 1374) noted that cadmium formed a peroxide. 
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Eijkmaii ^ described a yellow transparent product obtained by 
treating an amnioniaeal solution of cadmium sulphate with 30 per 
cent, hydrogen peroxide solution. It became superficially coated with 
CdO, was insoluble in sodium hj^droxide, and decomposed violently 
at 190° C. It corresponded to the formula 4Cd02.Cd(0H)2. 

IVlctoffa prepared 5 CdO 2 .CdO. 3 H 2 O and 5 CdO 2 . 3 CdO. 5 H 2 O by 
adding a large excess of 30 per cent, hydrogen j)eroxide solution to a 
concentrated solution of cadmium sulphate which had been treated 
with ammonia till the precipitates first formed dissolved. 

Small quantities ol* cadmium peroxide occur m the smoke when 
the metal is burnt at the lowest possible temperature.® 

C ADMIUM AND SULPHUR. 

Cadmium Sulphide. — The precipitation of yellow cadmium 
sulphide from solutions of cadmium salts by hydrogen sulphide ^vas the 
first known fact about cadmium.^ CdS occurs naturally as greenockitey 
which is a brownish-yellow mineral crystallising in the hemimorphic 
group of the hexagonal system with a density of i-9-5 0 and a hardness 
of 3-3*5.® 

Yellow amorphous cadmium sulphide has been })repared by electro- 
lysing a solution of an alkali salt between a cathode of co})per sulphide 
and an anode of cadmium.® Its complete precipitation by hydrogen 
sulphide can be efh^eted ii\ neutral or alkaline solutions of cadmium 
salts, though it may be slightly soluble in ammonium sulphide when 
freshly precipitated.’ Since it is distinctly soluble in mineral acids, 
hydrogen sulphide will not preeijutate it completely, or at all, from 
solutions that contain much acid, especially hydrochloric acid.® Accord- 
ing to Bruni and Padoa,® hydrogen sulphide does not })rccipitate 
cadmium sulphide from acid solutions of cadmium sulphate if the sur- 
rounding space is under low pressure. Increase of pressure increases 
the effectiveness of precipitation.^® It dissolves readily in hot dilute 
sulphuric acid and in acidified concentrated solutions of alkaline 
chlorides.^® 

The yellow variety of cadmium sulphide, (\s])ecially in the nascent 
state, is (apparently) liable to be polymerised into a vermilion modi- 
fieation by dilute acids, alkalies, etc. This polymerisation frequently 
occurs during the precipitation of cadmium sulphide, and the red variety 
passes through the yellow stage when it is dissolved in acids. The 

* Eijkman, Chem. Zentr., 1905, i, 1628. 

* Teletoff, J. Russ, Phys. Chem. Soc., 1911, 43 , 131. 

* Mancliot, Ber., 1906, 39 , 1170. 

* Gay-Lussac, Ann. Chim. Phys.y 1818, [2], 8 , 100. 

® Follenius, Zeitsch. anal. Chem.y 1874, 13 , 412. 

® Lorenz, Zeitsch. anorg. Chem., 1896, 12 , 442. 

’ Ditte {Gompt. rend., 1877, 85 , 402) said that *8 grin, would dissolve in 1000 c.c., and 
that cadmium sulphide could be crystaUised from the solution. But the solubility under 
ordinary conditions appears to be very slight (Fresenius, Zeitsch. anal. Chem., 1881, 20 , 
236), or nil (Donath and Mayrhofer, ibid., 384). 

* Follenius, he. cit, 416. See Meldrum, Chem. News, 1899, 79 , 170. 

* Bruni and Padoa, Atti R. Accad. Lincei, 1905, [5], 14 , ii, 626. 

Padoa and Cambi, ibid., 1906, [5], 15 , ii, 787. 

Annalen, 1860, 115 , 286. 

Cushman, Amer. Chem. J., 1896, 17 , 379. 

Buchner, Chem. Zeit., 1887, ii, 1087, 1107. See Meldrum, he. cit. 
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yellow variety jiasses into the red under friction or pressure as well 
as under the influence of chemical reagents. The crystalline forms of 
the red variety differ from the hexagonal form of the yellow, and their 
densities arc different : from 3*900 to 4*147 for the yellow, and between 
4*470 and 4*513 for the red.^ The j8- or red sulphide ])recipitates when 
relatively strongly acid solutions are precipitated by hydrogen sulphide. 
Preeif)itated cadmium sulphide is frequently a mixture of the j8- and 
a- or yellow varieties. Prolonged heating converts the j8- into the a- 
form, which becomes darker in colour on heating, and returns to its 
original yellow on cooling if it has not been oxidised. 

A bulky yellow 8-sulphide is precipitated from an ammoniacal 
solution of cadmium hydroxide by hydrogen sulphide. The same 
modification is j)roduced by fusing the a-sulphide with sulphur. ^ 

According to Egerton and Kalcigh,^ the yellow form is obtained 
from cold or alkaline solutions and the red from hot or acid solutions. 
Crushing, they add, converts the yellow permanently into the red form, 
while heating only effects the change tem])()rarily. 

These varieties of cadmium sulj>hide are important for its use as 
a ^ngtneuL Both the a- and j3-varieties makii good covering paints, 
The former is slowly oxidised in light and air, })ut the colour is very 
permanent when madc^ into paint. ^ A brilliant yellow pigment can 
be ))re})ared by electrolysing a sodium chloride solution between a 
platinum cathode and a (cadmium anode and ])assing in hydrogen 
sulphide.^ Cadmium yellow is an expensive pigment that is much 
prized by artists. The paler shades of commerce are said not to be 
permanent, though modern manufacturers now claim to supply them 
reasonably pure and stable.® 

Great pressure converts a mixture of cadmium and sulphur powders 
into cadmium sulphide, which is less brightly yellow than the precipi- 
tated product.^^ 

Amorphous cadmium sulphide gradually becomes a crystalline mass 
when it is heated for a long time at 265° C. in an exhausted glass tube,’ 
and is easily converted into grecnockite by h(;ating in an electric furnace.® 
When hydrogen sulphide acted on cadmium vapour a monoclinic 
variety of cadmium sulphide was produced simultaneously with the 
hexagonal.® 

The crystalline sulphide has been pre])arcd by {a) interaction at a 
red heat between hydrogen sulphide and vaporised cadmium chloride,^® 
(5) fusing cadmium sulphide with potassium carbonate and sulphur, 


^ Klobkow, ./. prakt. 1889, [2J, 39, 4] 2. According to Allen, Crenshaw, and 

Merwin {Atner. J, Sci., 1912, [4], 34, 341), the colour of cadmium sulphide depends upon 
whether it is crystalline or amorphous, and upon the size and surface character of the 
grains. 

* Buchner, Chem, Zeit.y 1891, 15, 329. 

® Egerton and Raleigh, Trana. Chmn, Soc., 1923, 123, 3019. 

* Hopkins, Experimental Electro-Chemistry (Constable & Co., London), 1905, 126. 

* Gay, J, Soc, Chem. Ind., 1924, 43, 83. 

® Spring, Ber.t 1883, 16, 1001. 

’ Spring, Zeitsch. physikal. Chem., 1895, 18, 556. 

* Mourlot, Compt. rend., 1896, 123, 56. 

* Lorenz, Ber., 1891, 24, 1508. See Allen, Crenshaw, and Merwin, Amer, J. Set., 
1912, [4], 34, 341. 

Durooher, Compt. rend., 1851, 32, 823. 

Schuler, Annalen, 1853, 87, 34. Schneider said he obtained Na,S.3CdS, decomposable 
by water, when he sul^tituted sodium for potassium carbonate {Jahresher., 1873, 198). 
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(c) subliming the amorphous sulpliide in a current of hydrogen,^ 

(d) heating cadmium oxide with barium sulphate and calcium Huoride, ^ 

(e) heating cadmium oxide in sulphur vapour, ^ (/) heating cadmium 
sulphide with aluminium powder. ^ 

Geitner ^ convert(Ml metallic cadmium into a mixture of the 
amorphous and crystalline sulphides by h(‘ating at 200” C. with 
a solution of sulphurous acid in a closed tube. 

The artificial crystals of cadmium sulphide are usually yellow and 
closely resemble greenoekite.^ 

The freshly i)reci pitated S-sulphide goes slowly into colloidal solution 
when suspend(id in water and treated with hydrogen sulphide. Boiling 
the solution produces no preci[)itation. A similar solution is obtained 
by treating a solution of cadmium iodide with hydrogen sul|dude. 
Acids and ammonium chloride immediately ])reeipitate it.® Prost’ 
obtained a colloidal solution by the forjner method ; it is golden- 
yellow by transmitted light and fluorescent by relleeted. When very 
dilute solutions of cadmium salts are treated with hydrogen sul})lude, 
colloidal solutions of cadmium sulphide are apt to be produc(‘d.® A 
colloidal solution has also been prepared by triturating cadmium 
sulphide with oil and adding light ])ctroleum.® 

Boiling water has no action on cadmium sulphide,^® but, at a red 
heat, steam converts it into the oxide. When heated it is reduced 
to metal in hydrogen, and converted into chloride iji hydrogen 
chloride. 

It dissociates readily when heated under reduced j^ressure.^^ 

[Cd] I [S] (rhombic) ^[CdSJ (crystalline) -f-34*0 Cal.’^ 

Yellow cadmium pcntasulphide was said to be preci[)itated from 
solutions of cadmium salts by ])otassium pcntasulphide.^® 

The luminescence t)f crystalline zinc sulphide under X-rays is 
increased by the presence of 1-30 per cent, of cadmium sulphide in 
solid solution. 

The double sulphides, Na2S.3CdS and KgS.SCdS,^® have been 
described. 

Cadmium Sulphite. When cadmium dissolves in acpieous sul- 
phurous acid, cadmium sulphite and a yellow precipitate of cadmium 
sulphide are formed.*^® 

^ Dcville and Troost, Com,j)t. re/nd,, 1861, 52 , 920. 

* Sidot, ibid., 1866, 62 , 999. ^ Hautefeuillc, ibid., 1881, 93 , 826. 

* Geitner, Ammlen, 1864, 129 , 350. 

® Mourlot, Ann. Chim. Phya., 1899, [7], 17 , 535. 

® Buchner, Chem. Zeit., 1891, 15 , 329. He called this the y- or soluble cadmium 
sulphide. 

’ Prost, Chem. Zentr., 1888, 32. 

® Meldrum, Chem. News, 1899, 79 , 170. 

® Dorp and Rodenburg, Chem. Weekblad., 1909, 6 , 1038. 

de Clermont and Frommel, Ann. Chim. Phys.\ 1879, [5J, 18 , 189. 

“ Regnault, ibid., 1836, [2], 62 , 380. 

Rose, Pogg. Annalen, 186k), no, 120. 

** Moyer, J. Amer. Chem. Soc., 1899, 21 , 644. 

Colson, Compt. rend., 1899, 129 , 825. 

Mixter, Amer. J. Sci., 1913, [4J, 36 , 55. Schiff, Annalen, 1860, 115 , 74. 

Guntz, J. Soc. Chem. Ind., 1923, 42 , 191 A. 

Schneider, Pogg. Annalen, 1873, 149 , 381. 

Milbauer, Zeitsch. anorg. Chem., 1^4, 42 , 439. 

Fordos and G^Us, Ann. Chim. Phy$., 1843, [3], 8 , 352. 
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Crystals of anhydrous sulphite, CdSOg, are obtained by dissolving 
cadmium carbonate in aqueous sulphurous acid and evaporating on 
the water-bath,^’ ^ or from hot mixed solutions of a cadmium salt and 
sodium sulphite.®’ ^ 

A gelatinous dihydrate, CdS03.2H20, precipitates when alcohol is 
added to a solution of cadmium carbonate in aqueous sulphurous acid. 
It becomes crystalline on standing.®’® Tlie same hydrate is precipi- 
tated from mixed solutions of a (fadmium salt and sodium sulphite at 
ordinary temperatures.^ Deniges ® said that he thus obtained crystals 
of a tri hydrate. 

Cadmium sulphite, anhydrous or hydrated, is difficultly soluble in 
water and readily in dilute acids. 

Muspratt ® could not confirm the CdSOg.NJIg mentioned by 
Darnmelsberg.^ 

Cadmium Sulphate. — A mixtun? of cadmium sulphide and sul- 
])hate is formed by the action of sulphur dioxide on heated cadmium.® 
llhombic prisms of anhydrous sulphate, CdS04, were obtained by 
evaporating a solution of cadmium sul]ffiatc in sulidiuric acid and care- 
fully heating off the excess of acid. Their density at 15“ C. was 4-72.'^ 
Anhydrous cadmium sul})hate is obtained as a white powder by heating 
hydrated salts to expel their water. The density of the unmelted salt 
has been given as 4-447.® To obtain pure CdSO^, since it is difficult 
to free the anhydrous salt completely from moisture and it decomposes 
at high tern})cratures, the hydrated sulphate (usually 3CdS04.8H20) 
should be heated to 200“ C. in vacuo, then to 700“ C, in a current of air 
containing sulphur trioxide, and finally in pure dry air at 200“ C.® 

It is reduced to the sulphide, Avith the simultaneous production of 
a little metal, by heating in a current of hydrogen.^® One ])art of 
water dissolves about 0-59 part of CdS04 at 23“ C., and the solubility 
does not inerease very much with the temperature.^^ 

Solutions of cadmium sulphate are readily obtained by dissolving 
metallic cadmium, cadmium sulphide, or cadmium oxide in sulphuric 
acid. Salts of cadmium with volatile acids can also be heated with 
sulphuric acid.^® The hydrate, CdS04.8/3H20, or 3CdS04.8H20, crystal- 
lises from such solutions under ordinary conditions : this is the cadmium 
sulphate of commerce, the most common and important salt of the 
metal. This hydrate is also precipitated when alcohol is added to 
a solution of cadmium sulphate. 

1 Rammelsberg, Pogg, Annalen, 1846, 67 , 255. 

* Ilolirig, J. prakt. Chem., 1888, [ 2 ], 37 , 237. 

® Deniges, Bull. Soc. chim., 1892, [3], 7 , 571. 

* Seubert and Elten, ZeAtach. anorg. Chetn., 1893, 4 , 62. 

^ Muspratt, Annalen^ 1847, 64 , 242. ® Uhl, Bcr., 1890, 23 , 2153. 

’ de Schulteii, Compt. rend., 1888, 107 , 405. 

® Schroder, J. prakt. Chem., 1879, [2], 19 , 290. 

» Baxter and Wilson, J. Amer. Chem. Soc., 1921, 43 , 1238 ; Perdue and Hulett, J, 
Physical Chem., 1911, 15 , 1579. CJ. ^oWenios, Zeitsch. anal. Chem., 1874, 13 , 176. Accord- 
ing to Ruff and Plato {Ber., 1903, 36 , 2357), CdS 04 melts at 1000® C. 

Schuler, Annalen, 1853, 87 , 42. von Hauer, J. prakt. Chem., 1855, [1], 64 , 477. 

Follenius, Zeitsch. anal. Chem., 1874, 13 , 274. 

There was originally some doubt about the formula of this salt. Rammelsberg sug- 
gested CdS 04 . 3 H 20 {Jahresber., 1855, 390), but he subsequently accepted 3 CdS 04 . 8 Hj 0 
{ilnd., 1857, 219), and though Retgers {Zeitsch. physikal. Chem., 1895, 16 , 590) still pre- 
ferred the former formula, the latter is now generally admitted (Kopp, Ber., 1879, 12, 
909; Worobjew, Zeitsch. physikal. Chem., 1897, 23 , 557 ; Mylius and Funk, B&r., 1897, 
30 , 824 ; Kohnstamm and Ckihen, Ann. Phya. Chem., 1898, [2], 66 , 344). 
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Cadmium can be obtained in a pure form by crystallisation as this 
salt. The crystals arc morioclinic ^ and are stable in ordinary dry 
air, 2 though they eflloresce rapidly if they arc powdered.® 

A very pure sample has been prepared by converting purified 
cadmium bromide into the nitrate by nitric acid, the nitrate into the 
sulphate by sulphuric acid, and reerystallising.'* 

The density of the crystals is about 3 0,® and their specific heat 
between 17® C. and 21® C. is 0-200.® 

They have been said to lose 4 molecul(\s of water at 150® C.,'^ but 
they require heating at 700® C. in air containing suljihur trioxide to 
make them anhydrous.^ The deliquescent compounds 3CdS04.8HCl, 
3CdS04.4ll20.4lICl, and, ultimately, cadmium chloride, have been ob- 
tained by the action of hydrogen chloride on 3C(1S04.SH20 at different 
temperatures.*^’ ® 

A saturated solution of 3CdS04.8H20 eontaiiis 43-35 parts of CdS04 
in every 100 parts of solution at -18® C., 44-99 parts at 00® C., 40-6 
parts at 73-5® C., 37-8 parts at 100® C.,® and 2-3 parts at 200® The 
diminution in solubility above 74® C. corresponds to the formation of 
the monohydrate^ CdS04.1l20, which separates when solutions of the 
ordinary hydrate an* evaporated at temperatures above 80® C.® The 
monohydrate has been obtained by evaporating a solution of cadmium 
sulphate containing an excess of sulphuric acid.^^’^^ The crystals 
are monoclinic, and their density at 15® C. is 3-786.^® They retain 
their water at 100® and slowly combine with water at ordinary 

tem})eratures to form the ordinary hydrate.® 

The Weston standard cell consists of the system mercury mer- 

curous sulphate (made into a ])aste with some cadmium sulphate)- - 
cadmium sulphate crystals — cadmium sulphate solution — cadmium 
sulphate crystals — cadmium amalgam. It has been suggested that 
certain irregularities noted in the behaviour of some Weston cells are 
due to a change undergone by 3CdS04.8H20 at 15® C.,^® two different 
modifications of the salt being possible below that temperature.^® Care- 
ful determinations of the solubility between 13-7° C. and 25® C. did not 
indicate a transition-point at 15® 

^ Iletgers, Zeitsch. phymkah Chem., 1895, i6, 590; Worobieff, Zeitsch. anorg, Vhe^n.f 
1898, l8, 387. 

® Perdue and Hulett, J. Physical Chem., 1911, IS» 1579 ; Hulett and t^.uinn, J. Amc.r, 
Chem. Soc.y 1915, 37, 1997. ® Baxter and Wilson, ibid., 1921, 43, 1237. 

* Baxter and Wilson, loc. cil., 1231. 

* Boedeker, Jahresber.y 1860, 17 (3-05); Buignet, «/. Pharin. Chim., 1861, [3], 40, 161, 
337 (2-939). 

* Cohen and Moesveld, Zeitsch. physikal. Chem.y 1922, 100, 151 ; Cohen, Krinshecr, 
and Moesveld, 1920,96,437 (0-2008); Holsboer (i W. , 1902, 39, 701) found 0-2225. 
Seibert, Hulett, and Taylor {J. Amer. Chem. Soc., 1917, 39, 46) determined the 
molecular heats over a considerable range of temperature. 

^ Baskerville and Harris, J. Amer. Chem. Soc.y 1901, 23, 896. 

® Cf, Matignon, Compt. rend., 1912, 154, 772, 

* Mylius and Funk, Ber., 1897, 30, 824. 

!^tard, Ann. Chim. Phya., 1894, [7], 2, 552. 

Kiihn, Arch. Pharm., 1847, [2], 50, 286. 

von Hauer, J. prakt. Chem,, 1855, [If, 64, 477. 

J® Wyroubolf, Jahresher., 1889, 508 ; Chem. Zentr., 1889, i, 341. 

1® Hagenbach, Ann. Phys. Chem., 1896, [2], 58, 21 ; Jaeger and Wachsmuth, ibid., 
1896, [2], 59, 575. 

Kohnstamm and Cohen, ibid., 1898, [2], 65, 344. 

1® Cohen, Zeitsch. physikal. Chem., 1900, 34, 621. 

Steinwehr, Ann. Physik, 1902, [4], 9, 1046. 
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The heptahydrate, CdS04.7H20, is left as a ^^ranular powder when 
the cryohydratc of eadniiuin sulphate is melted. Above 4° C. it is 
slowly converted into the ordinary hydrate. Its solubility slowly rises 
from 44*45 j)er cent. CdS04 at — 17*^ C. to 48*7 at —4*5° C.^ 

Various other hydrates that have been reported do not seem to 
exist. ^ 

[CdS04]-f 400A(|. =-~^CdS04.Aq.-f 10*74 Cal. 

[CdS04.I JgOJ + 40()Aq. — CdS04. Aq. ^ | 0*05 Cal. 

[3CdSO4.8H2OJ + 400Aq.-CdSO4.Aq.4 2*60 Cal.2 

Cadmium sulphate is moderately ionised in aqueous solution.® 
Ionisation has been said to proceed according to the equation 

3CdS04:^[Cd2S04]-+[Cd(S04)2]".^ 

The ba.sic sulphates^ iCdO.SOg® and 2CdO.SO3.Tl2O/ have been 
reported. 

Compounds of Cadmium Sulphate with Ammonia, Cadmium 
sul])hat(! triammoniate, CdSO4.0Nll3, is formed when cadmium sulphate 
absorbs ammonia ^as. It decomposes ijito (VISO4.NII3 at 100° C."^ 

The hydrated eom])ounds 2CdS04.4NIl3.5ll20 ® and CdS04.4NH3. 
2H2O ® have been prepared. 

Double Sulphates of Cadmium. — Cadmium sulphate, similarly to zinc 
sulphate, forms a series of double salts corresponding^ to the general 
formula M2SO4.RSO4.OII2O (M NII4, Th, or any alkali metal except 
Li or Na, and R~a divalent mctal).^® 

The following double suljdiates have also been described : Na2S04. 
CdS04, Na2SO4.0CdSO4, 3 Na 2 S 04 .CdS 04 ; Na2SO4.CdSO4.2H2O ; 
K2S04.2CdS04, K 2 S 04 . 3 CdS 04 ; 1® K2S04.CdS04.1iIl20, K2SO4. 

CdS04.2H20 ; (NH4)2S04.2CdS04 ; i" 3(NH4)2SO4.CdSO4.10H2O ; 

MgS04.CdS04.14ll20; 17 3CdSO4.Ceo(SO4)3.0ll2O ; 1 ® (Cd,Fc)S04.7Ha0, 

(Cd,Fe)S04.2iIl20.i® 

^ Myliiis and Funk, Ber.^ 1897, 30, 824. 

* Thomsen, Ber., 1878, ii, 1022. See Holsboer, J. Ghent, Boe.f 1901, 80, Abs. ii, 226 ; 
Steinwehr, Zeitsch, j>hysikal, Ghent. ^ 1914, 88, 229. 

’’’ Lewis and Linhart, ./. Amer. Ghent. Soc., 1919, 41, 19.51. For conductivity data, 
see JoncK and (!aldwcll, Amer. Ghent. J., 1901, 25, 376 ; Kahlcnberg, J. Physical Ghent., 
1901, 5, 348; Jones and (Ictman, Zeitsch. physikal. Ghent., 1904, 49, 420. For osmotic 
data, sec Raoult, ibid., 1888, 2, 489; Arrhenius, ibid., 1888, 2, 497 ; Lescoeur, Ann. Ghim,. 
Phys., 1895, [7 |, 4, 222 ; Jones and (Ictmaii, loc. cM. For spcjcific heats of solutions, see 
Cohen and Moesveld, Zeitsch. physikal. Ghent., 1920, 95, 305. For densities of solutions, 
sec Barnes and Scott, J. Physical Ghent., 1898, 2, 536. 

* Blomberg, Zeitsch. anorg. Chem., 1915, 91, 248. 

® Pickering, Proc. Ghent. Boc., 1907, 23, 261. 

® Kiihn, Arch. Pharm., 1847, [2], 50, 286; Habennann, Jahresber., 1884, ii, 321. 

’ isambert, Ber., 1870, 3, 246. ® Muller, Annalen, 1869, 149, 70. 

® Andre, Gompt. rend., 1887, 104, 987. 

Locke, Amer. Chem. J., 1902, 27, 455. For data, see Tutton, Trans. Chem. Soc., 
1893, 63, 366; 1896, 69, 444, 505; Pope, ibid., 1896, 69, 540; Ortloif, Zeitsch. 
physikal. Chem., 1896, 19, 218. For KjSO^.CdSO^.OHgO, also see Sohiff, Annalen, 
1858, 107, 64; and for the corresponding ammonium salt, see Troger and Eners, Chem* 
Zentr., 1898, i, 658 ; von Hauer, J. prakt. Chem., 1855, [1], 64, 477 ; Schiff, loc. cit. 

“ Calcagni and Marotta, Atti B. Accad. Lined, 1913, [5], 22, ii, 373. 
von Hauer, J. prakt. Chem., 1855, [1], 64, 477. 

Calcagni and Marotta, Atti R. Accad. Lined, 1913, [5], 22, ii, 442. 
von Hauer, Pogg. Annalen, 1868, 133, 176. 

** Veres, Gompt. rend., 1914, 158, 39. Andrd, loc. cit. 

” Schiff, loc. cit. Wyrouboff, Chem. Zentr., 1891, ii, 146. 

Stortenbeker, Zeitsch. physikal. Chem., 1900, 34, 108. 



CADMIUM AND ITS COMPOUNDS. 


187 


Cadmium Thiosulphate, GdS 203 . 2 H 20 , is obtained by double 
decomposition between cadmium sulphate and barium or strontium 
thiosulphate. A colourless or yellowish oil se])arates when the solution, 
filtered free from insoluble sulphate, is treated with alcohol or alcohol 
and ether. After some time this oil solidifies into crystals.^’ ^ 

The yellow-tin^^ed crystals are monosymrnctrical, retain their water 
in dry air, and deconij)ose, gradually at low temperatures and cpiickly 
at hi^h, according to the etpiation 

4CdS203 - SCdS + CdSO^ -f- tS02 . 2 

The double salts, as follows, have been ])r(‘pared : NaoSoOy.ilCdSgOg. 
9 H 2 O, Na 2 S 2 O 3 . 2 CdS 2 Og. 7 lUO, and aNagS.Og.CdSoOg.OlLgO ^iNa.SgO j. 
CdSgOg.lGHgO, 3Na2S203.CdS203.aH.>0 SKaSaOg.aC^dS.Og, aKgS.Og. 
CdS 203 . 2 ll 20 ; 3(NlUj2S203.CdS20;.3ll20, ^(Nlld^aOa.CdSgbg ; 

2 HaS 2 O 3 .CdS 2 O 3 . 8 n 2 O, 3HaS203.CdS203.8ll20 ; aSrS.Og.CdS.Og. 
lOlIgO.^* 

Cadmium Dithionate. — Soluble deliquescent crystals of the 
dihydrate, CdS 206 . 2 ll 20 , were obtained by dissolving cadniium carbonate 
in the acid.^ 

Cadmium Tetrathionate has been prepared as unstable, deli- 
(luescent crystals.® 


CADMIUM AND SELENIUM. 

Cadmium Selenide. — When cadmium and selenium are heated 
together they form cadniium selenide, CdSe.® The reaction begins at 
360° C. and becomes more vigorous with rising temperature. The 
selenide is infusible up to 1350° C., and its density is 5-81 at 10° C.’ 
It also results when cadmium is heated in hydrogen selenide. 

Dark brown CdSe is precipitated from solutions of cadmium salts 
by hydrogen selenide or alkaline sclcnides. Acids liberate hydrogen 
selenide from it.^ 

When cadmium and selenium vapours were lieated at a high tem- 
perature the resulting selenide was a crystalline mass, golden yellow 
and lustrous.® Margottet obtained lamellated crystals belonging to 
the regular system by subliming the selenide in hydrogen. They were 
yellow to blood-red, and their density was 5-80.® Brown rhombic 
crystals, isomorphous with the corresponding zinc selenide, of density 
5*81 at 15° C., were obtained by heating cadmium chloride in a current 
of hydrogen containing hydrogen selenide.^^ 

Cadmium selenide is easily decomposed by acids, and chlorine 

1 Vortmann and Padberg, Ber., 1889, 22, 2638. 

* Fock and Kliiss, ibid,, 1890, 23, 534. 

® Fock and Kliiss, he. cit., 1753. 

* Heeren, Fogg. Annahn, 1826, 7, 183. 

® Kessler, hid., 1848, 74, 249. 

« Margottet, Cornpt. rend., 1877, 84, 1293. 

’ Chikashige and Hikosaka, Mem. Coll. Sci. Kyoto, 1917, 2, 239. 

» Uelsmann, Annalen, 1860, n6, 126. The yelhw precipitate obtained by j)assing a 
little hydrogen selenide through a concentrated solution of cadmium iodide is 3CdSe.CdIa 
(Fonzes-Diaoon, Compt. rend., 1900, 131, 896). 

* Little, Annalen, 1859, 112, 213. 

Margottet, Zeitach. Kryst, Min., 1878, 2, 106. 

FonzoS'Biacon, CompU rend.^ 1900, 131 , 896. 
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displaces selenium from it on warming. Cadmium oxide and selenium 
dioxide are formed when it is heated in a current of oxygen.^ 

[Cd]^ [SeJ^[CdSe] (cryst.) + 26-0 Cal. 

The corresponding figure for precipitated CdSe is 22-9 Cal.^ 

Cadmium Selenites. — A yellow crystalline powder of the acid 
selenite, 2 CdO. 3 SeO 2 .H 2 O, deposits when eadmium carbonate is heated 
in a solution of selenious acid. It is insoluble in water, soluble in acids, 
jind leaves a residue of cadmium oxide on calcination. If it is heated in 
a sealed tube to 230'' C. with three times its weight of selenium dioxide 
it forms yellow orthorhombic crystals of the biselenite, which has 
similar properties (CdO. 28003 ). heated with water in a sealed tube 
to 200 ° C. it forms the neutral anhydrous selenite, CdScOg. • This is 
a pale yellow powdt^r consisting of small orthorhombic crystals. It 
behaves like the acid salts towards Avater, acids, and heat. 

This salt has also been obtained by dissolving cadmium hydroxide 
in selenious acid. 

The hydrate, 2 CkJSe 0 y. 3 ll 20 , preeijntates as a white amor])hous 
powder by adding a solution of sodium selenite to a solution of zinc 
chloride. 

The salts, 3 CdO. 4 SeO 2 .H 2 O and 3 CdO. 4 SeO 2 . 2 H 2 O, have been 
prepared.® 

Cadmium Selenate. — The dihydrate, CdSe 04 . 2 H 20 , can be crystal- 
lised in transj)arent tabular crystals from a solution of cadmium oxide 
in selenic acid. It dissolves readily in water, loses half its water at 
100 ° C., and becomes anhydrous at higher temperatures.^ It crystal- 
lises in the monoclinic system.® 

Tlic double salts, Rb 2 SeO 4 .CdSeO 4 . 6 H 2 O,® Cs 2 SeO 4 .CdSeO 4 .OH 2 O,® 
(NH 4 ) 2 Se 04 .CdSe 04 . 6 H 20 ,®’ and (NH 4 ) 2 Sc 04 .CdSe 04 . 2 H 20 ,^ have been 
prepared. 

CADMIUM AND TELLURIUM. 

Cadmium Telluride, CdTe, was obtained as a dark powder by 
heating cadmium tellurite or tellurate in a stream of hydrogen. When 
it is strongly heated some tellurium is liberated and a i)orous grey 
metallic mass results.® Dark crystals belonging to the cubic system, 
of density 6 * 20 , were prepared by melting cadmium and tellurium 
together and subliming the product in a current of hydrogen.® 

CdTe falls as a heavy maroon precipitate when sodium telluride 
solution is added to a solution of cadmium acetate acidified with acetic 
acid. It oxidises readily when moist and is almost black when dry. 
Only nitric acid of the ordinary dilute acids attacks it in the cold.^® 

[Cd]+[Te] (cryst.)=[CdTe] (cryst.) +19-96 Cal.^^ 

^ Fonzes-Diacon, Compt. rend,, 1900, 131, 896. 

* Fabre, ibid., 1886, 103, 346. 

^ Boutzoureano, Ann. Chim, Phya., 1889, [6], 18, 291, 307. 

* von Hauer, J. prakt. Chem., 1860, [1], 80, 214. 

® TopsOe and Christiansen, Jahreaber., 1873, 141, 

® Tutton, Proc. Boy, Soc., 1922, [A], loi, 246. 

’ Gerichten, Annalen, 1873, 168, 221. 

® Oppenheim, J. prakt. Chem., 1867, [1], 71, 266. 

® Margottet, Compt. rend., 1877, 84, 1293. 

Tibbala, J. Amer. Chem. Soc,, 1909, 31, 908. 

Fabre, Compt. rend., 1887, 105, 277. 
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Cadmium Tellurite. — White amorphous cadmium tellurite is pre- 
cipitated by interaction in solution between a cadmium salt and an 
alkaline tellurite.^’ 2 composition of the precipitate, when pure, 

appears to be SCdTeOa/ilTgO.^ 

Cadmium Tellurate.— A white precipitate was obtained by pre- 
cipitating cadmium nitrate solution with potassium tellurate.^ 

CADMIUM AND CHROMIUM. 

Cadmium Chromite. — A small yield of CclO-CrgO^ is obtained by 
heating potassium chromate in hydrogen or carbon dioxide containing 
cadmium chloride vapour. The black aggn^gations of octahedra are 
harder than glass but less hard than quartz. Their density is 5-79 at 
17° C.4 

Cadmium Chromate. — Alkali chromates precipitate basic or 
double chromates from solutions of cadmium salts. 

The normal anhyd/roiis chromate^ CdOO^, was obtained as a yellow 
powder, (*onsisting of transparent prisms, by heating (ladmium oxide, 
chromium trioxide, and water to 200° C. in a sealed tube.® 

The dihydrate^ CdCr04.2lT20, was obtained by heating the di- 
chromate with cadmium hydroxide in a sealed tube at 200° C. It 
is an orange crystalline powder, insoluble in water, soluble in acids, 
and goes brown on heating.’ 

The amrnoniates, CdCrO4.NH3.H2O® and CdCrO4.4NH3.0ll2O,® have 
been prepared. 

The following double chromates of cadmium and their ammoniafes 
have been prepared : K20.Cd0. 4003.21120 ; K2C'r04.CdCr04.2ll20 ; 

(NH 4 ) 2 Cr 04 .CdCr 04 . 2 NH 3 ; 2(NH4)2Cr04.2CdCr04.2NH3.3H20.i® 

Cadmium Dichromate, CdCr 207 .H 20 , is dilfieult to crystallise 
from its solutions,^® but has been obtained by eva])orating a solution of 
cadmium carbonate in chromic acid under reducenl pressure. 

The crystals are orange and their aqueous solution easily decomposes. 
Dark red deliquescent crystalline crusts of a trichromate, (!d0.3Cr03. 
HgO, have been obtained from such decomposed solutions.’^ 

The salt, CdCr207.2Hg(CN)2.7H20, has been obtained, and the 
double salt, K2Cr2O7.CdCr2O7.2H2O.10 

CADMIUM AND MOLYBDP^NUM. 

Cadmium Molybdate. — ^Yellow shining leaf-like crystals of 
CdMo04 were obtained by melting sodium molybdate, cadmium chloride, 

1 Oppenheim, J. prakt. Chem,, 1857, [1], 71 , 266. 

* Lenher and Wolesensky, ./. Amer, Chem. Soc., 1913, 35 , 725. 

® Oppenheim, loc. ciL 

* Viard, Compt. rend., 1889, 109 , 142. 

* Groger, Monatsh., 1904, 25 , 520 ; Frecfle, Ber., 1869, 2 , 478 ; Malaguti and Sarzeau, 

Ann. Chim. Phys., 1843, [3], 9 , 431. ® HriggH, ZHtsch. anorg. Chem., 1908, 56 , 253. 

’ Schulze, Aid., 1895, 10 , 152. 

® Groger, ibid., 1908, 58 , 418. ® Malaguti and Sarzeau, he. cit, 

KruBs and Unger, Zeitsch. anorg. Chem., 1895, 8 , 452. 

Groger, ibid., 1907, 54 , 189. 

Briggs, Trans. Chem. Soc., 1903, 83 , 395. 

Groger, Zeitsch. anorg. Chem., 1908, 58 , 418. 

Schulze, ibid., 1896, 10 , 163. 

« Groger, ibid., 1910, 66, 10, 
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and salt tof^ethcr.^ As })rec*ij)itated by adding? an alkaline molybdate 
to a solution of cadmium nitrate it is a heavy granular salt, insoluble 
in water and, when moist, soluble in ammonia, acids, and })otassium 
cyanide. I^niition does not make it insoluble in acids. ^ Cd 0 .H 20 . 

8 MoO.,. 6 H 20 3 and (l 205 . 2 Mo 03 ). 3 Cd 0 . 15 ll 20 ^ have been prepared. 

CADMIUM AND TUNGSTEN. 

Cadmium Tungstate.— CdW 04 has been f)repared as colourless 
imperfect crystals by melting sodium tungstate, cadmium chloride, 
and salt.^ 

A white amorphous monohydrate, CdW 04 .IT 20 , is precipitated from 
solutions of cadmium acetate by sodium tungstate. One part dissolves 
in about 2000 parts of water at 15'' Ct® 

The dihydrate, CdVV 04 . 2 ll 20 , is precipitated from mix(‘d solutions of 
a cadmium salt and sodium tungstate. It is very insoluble in water 
and, after ignition, in acids.’ 

The metatungsiate, CdO. 4 WO.j.l 0 ir 2 O,® and the paratungstate, 
.SCdO.TWO.j.lCTIgO,® have been prepared. 

The do'uhle salts, Na 20 . 2 (^d 0 . 7 W 03 . 18 U 20 and 3 (NIT 4 ) 20 .] 2 Cd 0 . 
35 W 03 . 35 ll 20 ,^^ have been reported. 

CADMIUM AND NITROGEN. 

Cadmium Nitride, CdyNg, is a )>lack amor})hous powder obtained 
by heating cadmium amide in vaeuo at ISO" C. On exposure* to moist 
air it becomes orange and then white. In contact with water it explodes, 
and metallic cadmium is deposited. 

Cadmium Azide, Cd(N3)2, was obtained by Curtius and Rissom 
by dissolving cadmium carbonate in azoimidc and evaporating in a 
desic(‘ator. It crystallises in yellow tabular biaxial crystals. It does 
not explode under the hammer, Init decomposes with a brilliant light 
when heated, though without any noteworthy detonation.^® 

The decomposition of 1 grm. is accompanied by the evolution of 
0*558 Cal. ^4 

Cadmium Amide. — When solutions of cadmium iodide or potass- 
ium cadmium cyanide are treated with ))otassamide dissolved in liquid 
ammonia, cadmium amide, Cd(NH. 2 ) 2 , is formed if the latter reagent is 
in excess. It is a white powder that becomes orange in moist air and 
finally changes to white cadmium hydroxide. It reacts violently with 
water, and explodes on heating wnth the liberation of metallic cadmium. 

^ Schulze, Annalen, 186.S, 126 , 51. 

2 Smith and Bradbury, Ber., 189J, 24 , 2935. 

® Wempe, Zeitach. anorg. Chem., 1912, 78 , 323. 

« Chr 6 ticn, Ami. Chini. Phys., 1898, [7j, 15 , 358. 

® Geuther and Forsberg, Annnlm, 18(U, 120 , 272. 

« Lefort, Ann. Chini. Phys., 1878, (51, 15 , 345. 

’ Anthun, J. 'praki. Chem., 183(1, fl], 9 , 341 ; Smith and Bradbury, he. cit.; Bull, 
i^oc. chim., 1891, [3], 8 , 279. 

* Scheibler, J. prakt. Chem., 1801, [ 1 ], 83 , 373. 

» Gonzalez, ibid., 1887, [2], 36 , 44. 

10 Knorre, Ben, 1886, 19 , 823. 

Lotz, Annalen, 1854, 91 , 03. 

Bobart, J. Physical Chem., 1915, 19 , 537. 

Curtius and Rissom, J. prakt. Chem., 1898, [2], 58 , 294. 

Wohler and Martin, Ber., 1917, 50 , 594. 
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Potassium Cadmium Amide, Cd(NHK)2.2NIl3, is produced as a white 
flocciilent powder vv]u*ii the cadmium salt in the above reaction is in 
excess. Li<rht turns it grey and it reacts violcMitly with water, pro- 
ducing ammonia and the hydroxides of potassium and cadmium.^ 

Cadmium Nitrite. -Pale ycillow crystals of anhydrous nitrite, 
Cd(N02)2, arc obtained by triturating cadmium chloride and silver 
nitrite together, adding water, filtering, and evaporating in vacuo over 
sulphuric acid. Its decom])osition by heat seems to be represented by 
the two ecpiations 

3Cd(NOo)2- 2CdO+Cd(NO,)o+lNO; 
Cd(N02)2-(<d0+N0+ NOgI 

Cadmium nitrate is ionised very distinctly in aqueous solution and 
tends to form basic salts. ^ 

A solution of cadmium nitrite is obtained by intcractioTi between 
equivalent quantities of barium nitrite and cadmium sulphate in 
solution. A h^T^groscopic crystalline mass of the monohydraie, C(1(N02)2- 
H2O, has been obtained from such a solution,^ but, even by careful 
cva|)oration, a basic salt is often obtained,^ and it is dillicult to obtain 
a salt in which the ratio NOo ^ Cd is as high as 2:1.^ 

The colourless double salt, KN02*Cd(N02)2^‘* the yellow salts, 
2KN02.Cd(N02)2 and 4KN02.Cd(N02)2.^ have been prepared crystal- 
line by treating a solution of cadmium acetate with potassium nitrite. 
The salt 2NH4.N02.Cd(N02)2*Il20.Cd0.2NIl3 has been obtained in 
transparent rhomboidal [)risms by treating a saturated solution of 
ammonium nitrate with granulated cadmium,® and the complex 
nitrites, 4KN02.2Cd(N02)2.Ni(N02)2, 4ThN02.2Cd(N()2)2.Ni(N02)2, and 
2NH4N02.Cd(N02)2.Ni(N02)2, have also been j)repared.'^ 

Cadmium nitrite also forms the compound Cd{N02)2.2ll20.C(jIl42N4 
with h examcthylen etetran li n 

Cadmium Nitrate. — The MrahydraU\ Cd(N0.j)2.4n20, crystallises 
in mixed prisms and needles from solutions of cadmium nitrate at 
ordinary temperatures.**’ It is deliquescent,**’ has a density of 
2-450 at 14° C. or 2-400 at 20” C.,^^ melts at 59-5” C.,^^ and boils at about 
132° C. The latter solution remains clear till about thnuxiuarters of 
the water is lost.®*^^ According to Ditte,*^ some nitric ac^id is also lost 
and a basic salt remains. A red heat finally decomposes the salt into 
crystalline cadmium oxide. 

The solubility of the tetrahydratc varies from 52-31 parts of Cd(N03)2 

* Bohart, loc. cit, 

2 Ray, Trann. Chem. Soc., 1917, iii, 160. 

® Lang, ./. pralct. Chew,., 1862, [I], 86 , 295. 

* Hampe, Annalen, 1863, 125 , 347. 

® Vogel, Zeitsch. anorg. Chem., 1903, 35 , 400. 

® Morin, Compt. rend., 1885, 100 , 1497. 

’ Cuttica, Qazzetta., 1922, 52 , i, 210. 

® Scagliarini, Atti H. Accad. Lined, 1912, 15 j, 21 , ii, 040. 

® Funk, Zeitsch. anorg. Chem., 1899, 20 , 414. 

Hauer, J. prakl. Chem., 1855, 64 , 477. 

Laws, Jahresber., 1877, 43. 

Ordway, ibid., 1859, 113. Funk {loc. cit.) confirms 59-5'^ C. against the 100 ® C. 
of Hauer, loc. cit. Hasselblatt {Zeitsch. anorg. Chem., 1921-22, 119 , 319) gives 59-3® C. 
for the melting-point. 

Ditte, Ann. Chim. Phys., 1879, [5], 18 , 341. 

Schuler, AnnaUn, 1853, 87 , 43. 



192 


BERYLLIUM AND ITS CONGENERS. 


in 100 parts of solution at 0 ° C. to 76-54 parts at 59-5'’ C. At lower 
temperatures a heptahydrate separates from the solution — its solubility 
varies from 37-37 at -13‘^ C. to 52-73 at + 1 ^ C.^ 

[Cd(NO3)2.4H2O]+400Aq.”Cd(NO3)2.Aq. —5 04 Cal.^ 

Vasilieff obtained anhydrous cadmium nitrate, melting at about 
350° C. and dissolving in water with much evolution of heat, by evapor- 
ating the hydrated salt, and an octahydrate by crystallisation at low 
temperatures. He could not obtain a di- or hexa-hydrate.'"* 

The basic nitrates, Cd( 0 H)(N 03 ).ll 20 ,^ riCdO.NgOg.llHgO,® 
2 CdO.N 2 O 5 . 3 H 2 O,® and 5 Cd 0 . 2 N 205 . 8 ll 20 ,’ have been described. 

Anmoniates. — Bulky anhydrous crystals of the hexammoniate, 
Cd(N 03 ) 2 . 6 NH 3 , were prepared by passing ammonia gas into a solution 
of cadmium nitrate in ammonia solution. Its dihydrate was obtained by 
cooling a solution of cadmium nitrate in 20 per cent, ammonia solution. 
It melts when heated, evolving a little water, and then blackens with a 
slight explosion.® 


C ADMIUM AND PHOSPHORUS. 

Cadmium Phosphide. — ^A fused crystalline grey phosphide of 
cadmium is obtained by heating cadmium and phosphorus vapours in 
an atmosphere of hydrogen.® 

A brown powder is precipitated when a solution of cadmium oxide 
in potassium hydroxide is heated with phosphorus and some benzene. 
It evolves phosphine with hydrochloric acid and explodes with nitric 
acid. A grey crystalline mass of CdgPg, with a metallic lustre, is pro- 
duced by heating it in a current of hydrogen.^® 

Renault obtained CdgPg, which closely resembled the corresponding 
zinc phosphide in properties and was prepared similarly. He prepared 
the diphosphide, CdPg, most easily by heating a mixture of ammonium 
phosphate (or phosphate of mercury or tin) with cadmium carbonate 
and carbon. After condensing the volatile products the cadmium 
phosphide was washed with dilute hydrochloric acid. 

The diphosphide usually occurs in bright red crystals, though it is 
sometimes obtained in indigo-blue scales or plates. Its chief chemical 
difference from ZnPg is its ready decomposition by boiling hydrochloric 
acid.^^ 

Emmerling prepared the subphosphide, CdgP, by heating cadmium 
and phosphorus together. It is a greyish or silver-white mass consisting 
of fine needles. Hydrochloric acid evolves phosphine from it.^^ 


^ Funk, Per,, 1899, 32, 105. Franz (J. prakt. Chem., 1872, [2], 5, 274) has deter- 
mined the densities of cadmium nitrate solutions. 

* Thomsen, Ber,, 1878, ii, 1022. He also gave “f-4-180 Cal. for a monohydrate. 

^ Vasilieff, J. Russ, Phys. Chem. 80 c., 1910, 42, 562. 

* Klinger, Ber., 1883, 16, 997. 

® Habermann, Jahresber,, 1884, i, 320. 

• Wells, Amer. Chem. J., 1887, 9, 304. 

’ Rousseau and Tite, Compt. rend., 1892, 114, 1180. 

® Andr6, ibid., 1887, 104, 987. 

• Vigier, Chem. News, 1861, 3, 274. 

Oppenheim, Ber., 1872, 5, 980. 

Renault, Compt. rend., 1873, 76, 283. 

Emmerling, Ber., 1879, 12 , 164, 
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Cadmium Hypophosphite separates in very small crystals when a 
solution of cadmium carbonate in %pophosphorous acid is evaporated.^ 
The salt is anhydrous, Cd(H 2 P 02 ) 2.2 

Cadmium Orthophosphate.-— When cadmium pyrophosphate is 
heated in sealed tubes to about 800 ° C. with water, a solution of acid 
phosphate and an insoluble tribasic phosphate result.® Amorphous 
Cd3(P04)2 is also precipitated from solutions of cadmium salts by 
normal sodium phosphate. When its solution in fused cadmium 
chloride is slowly cooled, lonj? hexagonal prisms of cadmium chlor- 
apatite, 3Cd3(P04)2.CdCl2, of density 5 - 4 () at 15 ° C., separate. The 
analogous cadmium hromapatite occurs in flattened oblique lamelhc 
of density 4-965 at 15 ° C.^ 

The acid phosphate, Cd5H2(P04)4.4H20, is precipitated by hydrogen 
disodium phosphate from hot solutions of cadmium chloride or sulphate. 
The amorphous precipitate quickly becomes crystalline and, after 
purification, forms small prismatic hexagons of density 3-98 at 15 ° C. 
The density of the crystals becomes 4-12 at 15 ° C. when they are pre- 
cipitated from their solution in phosphoric acid. 

When a saturated solution of the above salt in cold dilute phosphoric 
acid is slowly evaporated at normal temperature, orthorhombic j)risms 
of monocadmium phosphate, H4Cd(P04)2.2H20, crystallise. 

Cadmium Pyrophosphate. — The dihydrate, Cd2P207.2H20, is 
precipitated as a heavy white powder by adding a solution of sodium 
pyrophosphate to a solution of cadmium sulphate. It can be obtained 
crystalline from its solution in sulphurous acid. It behaves similarly 
to 2Zn2P207.3H20 when heated in air, dissolves in aqueous ammonia, 
acids, or sodium pyrophosphate, but not in caustic alkalies, and Ix^comes 
anhydrous on heating.® 

The anhydrous salt was obtained in flattened oblique lamelhc of 
density 4-965 at 15 ° C., along with cadmium bromapatite, 3C(l3(P04)2. 
CdBrg, by cooling a melt of cadmium orthophosphate and cadmium 
bromide. Cold dilute nitric acid dissolved the latter and left the 
pyrophosphate. ® 

Heating with water decomposes cadmium pyrophosphate into a 
solution of acid cadmium phosphate and tribasic cadmium ortho- 
phosphate.® 

Some double salts of the general formula t£?(Na2 or K 2 ) 0 . 74 Cd 0 . 7 P 2 ^ 5 . 
LHgO have been reported."^ The double orthophosphate of ammonium 
and cadmium is used for estimating cadmium.® 

Cadmium Thiophosphates . — Cadmimn Thio-orthophosjyhate, 
Cd3(PS4)2, is obtained as a white crystalline powder by heating phos- 
phorus pentasulphide with cadmium chloride or sulphate. It behaves 
similarly to the corresponding zinc salt.® 

^ Rose, Ann. Chim. Phys., 1828, [2], 38, 270. 

* Rammelsberg, Ber., 1872, 5, 494. 

® Reynoso, Ann. Chim. Phys., 1855, [3], 45, 108. 

* de Sohulten, BuU. Soc. chim., 1889, [3], i, 473. 

® Schwarzenberg, Annalen, 1848, 65, 153. 

• de Schulton, BuU. Soc. chim., 1889, [3], i, 473. 

’ Pahl, Ber., 1873, 6, 1465 ; Wallroth, Bull. Soc. chim., 1883, [2], 39, 316 ; Grandeau, 
Ann. Chim. Phys., 1886, [6], 8, 203 ; Ouvrard, Compt. rend., 1888, 106, 1730 ; Ann. Chim. 
Phys., 1889, [6], 16, 320. 

® See under Estimation of Cadmium. 

• Glatzel, Zeitsch. anorg. Chem., 1893, 4, 202. 
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Cadmium Thio-hypophosphate, Cd 2 P 2 Se, is prepared, similarly to 
the corresponding zinc salt, in orange-yellow biaxial crystals.^ It 
decomposes partially in moist air. Aqueous alkalies liberate some 
hydrogen sulphide from it, and nitric acid acts on it very rapidly. ^ 

Cadmium Thio- pyrophosphate ^ Cd 2 P 2 ^ 7 ? obtained similarly. 

The white crystalline powder decomposes rapidly in air but is re- 
sistant to acids, and even hot concentrated nitric acid has only a slight 
action.® 

CADMIUM AND ARSENIC. 

Cadmium Arsenide, — The freezing-point, density, and atomic 
volume curves, supplemented by an examination of the microstructure, 
confirm the existence of CdjjAsg and CdAs 2 . Cd 3 As 2 is reddish grey, of 
density 6-25, and it melts at 721'" C. Its hardness is less than 3*5. 
CdAsg is bluish grey, of density 5*86, and it melts at 621° C. Its hard- 
ness is 3-5“4-0.^ 

Cd 3 As 2 has been ]>rci>ared by subjecting cadmium and arsenic, in 
appropriate proportions, to a pressure of 6500 atmos[)heres. Some 
CdgAs was formed when cadmium and arsenic were melted together;® 
but Cd 3 As 2 is readily formed by heating cadmium in arsenic vapour 
mixed with hydrogen or an inert gas. It was thus obtained in reddish 
oetahedra of density 6*211 at 15° C. It reacts with acids and the 
halogens like the arsenides in general.® 

Descamps obtained CdgAs by reducing cadmium arsenate with 
potassium cyanide. It was white, with a slight reddish colour and a 
metallic lustre.’ 

Cadmium Arsenite, Cd 3 (As 03 ) 2 , is })recipitatcd from a solution 
of cadmium chloride in 50 per cent, alcohol by a solution of potassium 
arsenite neutralised with acetic acid,® or from a solution of cadmium 
sulphate by sodium metarsenite.® The impure arsenite, precipitated 
by mixing solutions of cadmium sulphate and potassium arsenite,® 
can be purified by solution in dilute acid and re-})reeipitation.^® 

The white })reeipitatc is slightly soluble in water, easily in ammonia 
solution or dilute acids, and can be converted into anhydrous Cd 3 (As 03)2 
by heating at 100° C. in a stream of hydrogen.® Alkalies do not attack 
it, and ignition leaves a residue of cadmium oxide contaminated with 
arsenic.^® 

Cadmium Arsenates. — The hydrated normal cadmium orthoar- 
senate^ 2 Cd 3 {As 04 ) 2 . 3 ll 20 , falls as a white voluminous precipitate on 
adding alkali to a solution of an acid cadmium arsenate. 

Cadmium Chlorarsenioapatite, 3 Cd 3 (As 04 ) 2 .CdCl 2 , is produced by 
fusing normal ammonium arsenate or the salt ll 2 Cd 5 (As 04 ) 4 . 4 H 20 

1 Ferrand, Bull. Soc. cMm., 1895, [3], 13, 116. 

® Ferrand, Ann. Chim. Phya., 1899, [7], 17, 423. 

* Ferrand, Compt. rend.y 1896, 122, 888. 

* Schemtschuschny, Int. Zeitsch. MetaUographiei 1913, 4, 228 ; J, Russ. Phys. Chem. 
Soc., 1913, 45, 1137. 

* Spring, Bar., 1883, 16, 325. 

® Granger, Compt. rend., 1904, 138, 574. 

’ Desoamps, ibid., 1878, 86, 1022, 1065. 

* Stavenhagen, J, prakt. Chem., 1895, [2], 51, 22. 

* Eeichard, Ber., 1898, 31, 2168. 

Reichard, ibid., 1894, 27, 1033. 

Demel, ibid., 1879, Z2, 1281. 
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with excess of cadmium chloride. Its density at 15 ° C. is 5 * 865 , and 
it resembles the corresponding phosphatic compound. The analogous 
bromo compound is analogously prepared in long yellow prisms of 
density 6 * 017 .^ 

The precipitate from mixed solutions of cadmium sulphate and 
hydrogen disodium arsenate is 5CdO.2As2O5.5H2O ^ (or H2Cd5(As04)4. 
4H2O). If the saturated solution of this salt in arsenic acid is heated, 
crystals of the acid salt, HCdAs04.H20, of density 4*164 at 15 ° C., 
separate. 1 It has also been pre])ared by dissolving cadmium carbonate 
in a solution of arsenic acid. The white crystalline substance dis- 
solves easily in dilute hydrochloric acid, and is said to be decomposed 
by water into 5Cd0.2As205.5H20.^ 

If the arsenic acid solution of ir2Cd5(As04)4.4ll20 evaporates 
at ordinary temperatures, rhombic prisms of Il4Cd(As04)2.2H20, of 
density 3*241 at 15 ° C., separate. They are isoniorphous with the 
corresponding phosphate, Jose their water with partial decom})osition at 
70 °- 80 ° C., and excess of water converts them into flocculent ILCdg 
(As04)4.4H20.1 

Firm transparent jellies are produced when solutions of dihydrogen 
potassium arsenatt^ and cadmium sulphate, of suitable concentrations, 
are mixed. Thev are unstable, and crystallise into 2Cd3(As04)o. 
4CdHAs04.9H20.4 

The following double arsenates have been described : Na 4 CdAs 208 , 
]MagCd2As20j], K2Cd2As208.'* 

CADMIUM AND ANTIMONY. 

Cadmium Metantimonate, CdSbgOo.bHaO, is precipitated by 
adding excess of a concentrated solution of a cadmium salt to boiling 
aqueous sodium antimonate.® 

CADMIUM AND CARBON. 

Cadmium Carbonate. — Solutions of cadmium salts arc less liable 
than those of zinc to give basic carbonates when precipitated with 
alkali carbonate solutions. 

The normal anhydrous carbonate, CdCOg, mixed with some of the 
basic sulphate, 2Cd0.S03, is precipitated by adding cadmium sulphate 
solution to dissolved sodium carbonate,’ and it has been prepared 
by adding a large excess of concentrated ammonium carbonate solu- 
tion to dissolved cadmium cliloride. A pure product was secured by 

^ de Schulten, Bull. Soc. chim., 1889, [3], i, 473. 

* Salkowski, J. prakt. Chem., 1868, [1], 104, 129. 

* Demol, he. cit, 

* Klemp and Gyulay, Kolhid Zeitsch., 1921, 28, 262. 

® Lef^vro, Compt. rend.^ 1890, no, 405. 

® Ebell, Ber., 1889, 22, 3044. The air-dried salt, according to Sanderens (Bull, Soc. 
chim., 1899, [3], 21, 47), has 5 molecules of water, and loses 3 over sulphuric acid. 

’ Kraut, Zeitsch. aworg. Chem., 1897, 13, 14. Lefort obtained 2CdC08.H|0 by pre- 
cipitating a solution of a cadmium salt with an alkaline carbonate solution. It lost its 
water between 80'' C. and 120° C. (Compt. rend., 1847, 27, 268). Rose (Ann. Chim. Phys., 
1854, [3], 42, 107) obtained the basic salt, 10CdCOs.Cd(OH)8.2HaO, from cold concentrated 
solutions of cadmium sulphate and potassium carbonate. A salt with an extra molecule 
of water was obtained from more dilute solutions. Almost pure CdCOs resulted with an 
excess of sodium carbonate. 
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dissolving the precipitated carbonate in hydrochloric acid and re*precipi- 
tatihg — repeating three times. ^ 

Rhombohedra of CdCOg, similar to those of calcite, were obtained 
by heating the white amorphous carbonate with water and ammonium 
chloride in a tube at 150°-180° C.^ Similar crystals, of density 4*960, 
were formed by adding excess of ammonium earbonate to a solution of 
cadmium chloride, dissolving the precipitate in just enough ammonia 
solution and heating on the water-bath.^ 

Cadmium carbonate is only slightly soluble in water ^ and is not 
very soluble in carbonated water, even when the carbon dioxide is 
forced in under pressure.® It is more or less soluble in solutions of 
ammonium salts, and slightly in dissolved alkaline carbonates. The 
precipitation of cadmium carbonate and its ignition to oxide provides 
a method for estimating cadmium.® 

The mineral otavite, crystallised in minute curved octahedra, is a 
basic cadmium carbonate containing 61*5 per cent, of cadmium.’^ 

Cadmium Thiocarbonate is too unstable to examine, though it 
may be temporarily produced analogously to zinc thiocarbonate.® 

Cadmium Cyanide. — White crystalline Cd(CN )2 has been pre- 
cipitated from a saturated solution of cadmium sulpliate with con- 
centrated potassium cyanide solution,® and in a similar way, as a 
voluminous, more amorphous mass, the salt has been precipitated from 
a fairly concentrated solution of cadmium chloride. Rammclsberg 
evaporated a solution of freshly precipitated cadmium hydroxide in 
hydrocyanic acid,^^ but, according to Joannis,® some insoluble basic 
cadmium cyanide, 2Cd(CN)2.Cd0.5H20, is simultaneously produced. 

One hundred c.c. of water at 15° C. dissolve 1*7 grm. Cd(CN) 2 . It 
dissolves in acids® and is insoluble in ammonium chloride solution. 

It is stable in air, but on ignition leaves cadmium oxide, or, if access 
of air is restricted, metallic cadmium, i® 

The heat of formation of cadmium cyanide is 40 0 Cal. from solid 
cadmium and gaseous cyanogen, and of 2Cd(CN)2.Cd0.5H20, 22*0 
Cal.® 

The diammoniate of cadmium thiocyanate, Cd(CNS) 2 . 2 NH 3 , is 
analogous to the corresponding zinc compound and is similarly 
prepared.^® 

CADMIUM AND SILICON. 

Cadmium Silicate. — ^When cadmium nitrate is heated in a glass 
tube at about 600° C., the hydrated cadmium silicate, 2(CdSi0j,).3H20, 

' Coninck and Gerard, Compt. rend., 1915, i 6 i, 676. According to Follenius {Zeitsch. 
anal. Chem., 1874, 13 , 296), precipitated cadmium carbonate is always somewhat basic 
unless ammonium carbonate is the precipitant. 

* Bourgeois, Compt. rend., 1886, 103 , 1088. 

* de Sohulten, Bull. Soc. fran^. Min., 1897, 20 , 195. 

* Immerwahr, Zeitsch. Elektrochem., 1901, 7 , 477. 

® Kraut, he. cit. 

« Follenius, Zeitsch. anal. Chem., 1874, 13 , 292. 

’ Schneider, Centr. Min., 1906, 388. 

8 Hofmann, Zeitsch. anorg. Chem., 1897, 14 , 277. 

8 Joannis, Ann. Chim. Phys., 1882, [ 6 ], 26 , 606. 

8 Schuler, Annalen, 1863, 87 , 46. 

Rammelsberg, Pogg. Annalen, 1836, 38 , 364. 

18 Bret, Annalen, 1837, 23 , 136. 

^8 Fleischer, ibid., 1876, Z79, 233. 
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forms on the inner surface in lon^ scales which break between the 
fingers into microscopic needles. The compound is soluble in hydro- 
chloric acid with tlie separation of silica. Under strong ignition it 
finally leaves a residue of silica, but there is very little loss, even of 
water, until it melts and intumesces at an orange-red heat.^ 

CADMIUM AND BORON. 

Cadmium Borates. — The anhydrous orthoborate, Cd3( 003)2, has 
been prepared by fusing ])oiassium hydrogen fluoride, boron trioxidc, 
and cadmium oxide in molecular ])ro|K)rtions. On treating the cooled 
melt with water jirismatie crystals of ilCdO.BgO., are obtained. They 
have a marked effect on polarised light, dissolve readily in acids, and 
are not acted upon by water. 

A metaborate, CdO.BgOa, has been obtained by melting cadmium 
oxide and boron trioxide together.^ 

Various compounds of the general formula .rCd0.//B203.;:H20 have 
been prepared by pnxdpitating a solution of a cadmium salt with 
borax or treating cadmium carbonate with boric acid.^ 

DETECTION AND ESTIMATION OF CADMIUM. 

Detection. -Cadmium chloride is soluble in water, and yellow 
cadmium sul})hide precipitates, in the ordinary course of analysis, 
when hydrogen sulphide is passed through solutions of its salts acidified 
with hydrochloric acid. The precipitate docs not dissolve in ammonium 
sulphide or caustic alkalies. 

Sodium and j)otassium hydroxides precipitate cadmium hydroxide 
from solutions of cadmium salts. Excess of these reagents does not 
redissolve the precipitate, but ammonia, after first precipitating the 
hydroxide, redissolves it to a complex salt. 

Alkali carbonates and ammonium carbonate give a white precipi- 
tate with solutions of cadmium salts. Potassium cyanide precipitates 
cadmium cyanide, soluble in excess. Hydrogen sulphide i)recipitates 
yellow cadmium sulphide from the solution. 

Sodium thiosulphate or sulphite does not precipitate cadmium salts. 

Hydrogen sulphide precipitates cadmium sulphide from ammoniacal 
solutions of cadmium. 

White octahedra of Cd(NH3)2l2 are precipitated by concentrated 
potassium iodide solution from ammoniacal solutions of cadmium salts.® 
Cadmium and uranium are the only metals that give a yellow ])recipitate 
when their salt solutions, alkaline with caustic soda, arc treated with 
5 per cent, thiosinamine.® 

Cadmium can be detected microchemically as cadmium oxalate or 
cadmium tetrarubidium chloride.'^ 

Small quantities of cadmium can be detected by the green colour 


^ Rousseau and Tito, Compt. rend., 1892, 114 , 1262. 

® Ouvrard, ibid., 1900, 130 , 174. 

* Guertler, Zeitsch. anorg. Chem., 1904, 40 , 242. 

* Rose, Pogg. Annalen, 1863, 88 , 299 ; Ditte, Ann. Chim. Phys., 1883, [5], 30 , 255. 
® Agrestini, Oazzetta, 1918, 48 , ii, 30. 

® Lemaire, Ann, Chim, anal., 1909, I 4 » 6 . 

’ Schoorl, Zeitach, anal. Che7n., 1908, 47 , 729. 
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given by ammoniacal solutions of its salts with resorcin.^ This 
reaction has been applied to the colorimetric estimation of cadmium.^ 
Estimation. — Cadmium can be electrolytically estimated by deposi- 
tion from cyanide solutions, and, according to Treadwell, this is 
the most convenient and accurate method of estimating cadmium. 
The solution, containing not more than 0-5 grm. cadmium, is made 
alkaline to phenolphtlialein with caustic soda and the precipitate just 
redissolved in j^otassium cyanide solution. After dilution to 1 00-150 c.c, 
the solution is electrolysed on a gauze cathode. The electrolysis is 
effected in the cold with a current of 0-5 0 7 amj). and an E.M.F. 
of about 5 volts. After five or six hours the current is increased 
to 1-1-2 amp. and the electrolysis continued for another hour. If a 
stronger starting current is used the electrode should be rotated. The 
electrolyte should always be tested at the end for cadmium with hy- 
drogen sulphide, and if there is only enough cadmium to give a colloidal 
yellow solution of cadmium sulphide it can be estimated colorimetrically.® 
Benner and Ross used a more alkaline cyanide solution,^ and it 
is possible to estimate cadmium electrolytically in acid or ammoniacal 
solutions,^ in solutions of its salts ® (though the nitrate is not suitable 
unless cyanide is present ’), and in various electrolytes containing 
organic material.® 

Cadmium can be electrolysed on to a mercury cathode for weighing,® 
and a spccifil cell has been used for estimating cadmium in determining 
its atomic weight.^® Cadmium has been thus electrolytically estimated 
in its sulphate, bromide, and chloride.^® 

To estimate cadmium electrolytically in the presence of zinc, 1 grm. 
of the mixed chlorides or sulphates is dissolved with 8 grm. potassium 
oxalate and 2 grm. ammonium oxalate. With a current of 0-05 amp., 
a P.D. of 1 -4-1-6 volts, a temperature of 7()°-80° C., and gauze electrodes, 
0-1 grm. of cadmium is deposited in four or five hours if the solution 
is made acid with 0-3-0 -5 grm. oxalic acid. 

From 0-04-0-2 grm. cadmium can be deposited from a solution 
containing fifty times its amount of zinc by electrolysing cold with 
quickly rotating electrodes in the presence of sodium bisulphate. 

Copper can be estimated in the j)resence of cadmium by electrolysis 
in nitric acid solution. 


^ Cami)o, J. Chem, Soc., 1909, 96, Abs. ii, 439 ; 1910, 98, Abs. ii, 1111. 

* Cerdan and Piente, ibid., 1913, 104, Abs. ii, 240. 

® Treadwell, Analytical Chemistry (translated by Hall) (Wiley & Sons, Now York; 
Chapman & Hall, London), 1919, ii, 189. 

* Benner and Ross, J. Amer, Chem. Soc., 1911, 33, 1100. 

® Luckow, Zeitsch. anal. Chem., 1880, 19, 1. 

® Flora, Amer. J. Sci., 1905, [4], 20, 268, 392. See also Davison, ./. Amer. Chem. 80c., 
1905, 27, 1275 ; Sand, Trans. Chem. 80c., 1907, 91, 8, 403. 

^ Flora, loc. cit., 392. 

* Dover, J. Amer. Chem. Soc., 1911, 33, 1577. 

* Benner, ibid., 1910, 32, 1231. 

Baxter and Hartmann, ibid., 1915, 37, 123 ; Baxter, Crose, and Hartmann, ibid., 
1916, 38, 857 ; Baxter and Wilson, ibid., 1921, 43, 1230. 

Perdue and Hulett, J. Physical Chem.,\ 9 \\, 15, 155 ; Quinn and Hulett, ibid., 1913, 
17, 780. 

Baxter, Grose, and Hartmann, loc. cit 

** Baxter and Hartmann, ibid., 1915, 37, 113 ; Baxter, Grose, and Hartmann, loc. cit. 
Ti-eadwell and Guitermann, Zeitsch. anal. Chem., 1913, 52, 459. 

Treadwell, Analytical Chemistry (translated by Hall) (Wiley & Sons, New York; 
Chapman & Hall, London), 1919, ii, 203. 
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Cadmium can be precipitated as sulphide from solutions containing 
2 c.c. concentrated sulphuric acid per 100 c.c. solution. Treadwell 
advises dissolving the precipitate in hydrochloric acid (concentrated 
acid diluted with its own volume of water), evaporating the solution 
down with some dilute sulphuric acid on the water-bath, and driving 
off the exetess of sulphuric acid by careful heating in an air-bath.^ This 
method of weighing as sulphate is in common commercial use.^ 

In the presence of zinc the solution should (contain free 4-5 N sul- 
phuric acid; the solution should be hot, and hydrogen sulphide passed 
in until the solution is cold. If much zinc is present the precipitate 
should be dissolved in hydrochloric acid, evaporated with a slight 
excess of sulphuric acid, and reprecipitated.’^ 

If hydrochloric acid is present during prccij)itation w^ith hydrogen 
sulphide, the prccif)itate will contain basic salt and there will be loss 
in the final operation.^ Winkler passes hydrogen sul})hide through a 
strongly acid solution of (*admium sulphate to which a little hydro- 
chloric acid has been added. The solution should be hot, and a red 
crystalline precipitate of cadmium sulphide precipitates which contains 
101 per cent. S() 4 . By collecting this precipitate and finally drying 
it at 180° C. the cadmium can be estimated. Zinc, as before, is liable 
to co-precipitation.*^* 

According to Kgerton and Raleigh,® cadmium can be precipitated 
as sulphide from its alloys by dissolving 0-2 grni. in as little (ioncen- 
trated hydrochloric acid as possible, neutralising with ammonia, diluting 
to 100 C.C., adding 4 c.c. of concentrated hydrochloric acid, heating 
to 80° C., and saturating with hydrogen sulphide. The filtered and 
washed precipitate is dried at 110°-120° C. 

Waring ’ precipitates cadmium and zinc by hydrogen sulphide in 
slightly acid solution, and dissolves out the zinc sulphide, leaving the 
sulphide of cadmium, with 5*5 per cent, hydrochloric acid or 8 per cent, 
sulphuric acid. 

Cadmium may be precipitated as sulphide in the presence of coj)pcr 
from cyanide solutions.® 

According to Flora, the precipitation of cadmium as carbonate and 
ignition to oxide is a good method if the precipitate is collected 
on asbestos in a Gooch crucible.® Treadwell advises precipitation of 
boiling solutions with a slight excess of potassium carbonate. After 
standing, the precipitate is filtered, washed with hot water, and dried. 
If filter paper is used the precipitate should be detached and the residue 
dissolved out with dilute nitric acid. The nitric acid solution is evapor- 
ated to dryness and the main precipitate added to the residue. The 
whole is then ignited to the oxide.^® 

The electrometric method of estimation with jiotassium ferrocyanide, 
as applied to zinc, has been recently used to estimate cadmium.^^ 

1 Treadwell, he. 190. 

* Ann. Report Chem. Soc.j 1915, I2, 177. 

* Treadwell and Guitermann, Zeitsch. anal. Chetn.t 1913, 52, 459. 

* Treadwell, he. cit.^ 191. 

® Winkler, Chem. Zeit., 1921, 34, 383. 

® Egerton and Raleigh, Trans. Chem. iSoc.y 1923, 123, 3019. 

’ Waring, J. Amer. Chem. Soc., 1904, 26, 12. 

* Treadwell, he, city 202. ® Flora, Amer. J. Sci., 1905, [4], 20, 456. 

Treadwell, he. cit, 192. 

Treadwell and Chervet, Helv. Chim. Acta, 1922, 5, 633. 
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Cadmium can be estimated by precipitation as ammonium cadmium 
phosphate and ignition of the precipitate to cadmium pyrophosphate. 
Twenty-five c.c. of solution, containing about 0-5 grm. cadmium, are 
treated with 25 c.c. of a saturated solution of ammonium chloride, 
heated to boiling, and precij)itated with 50 c.c. of a saturated solution 
of microcosmic salt previously heated to 60® C. After boiling, cooling, 
and filtering, the precipitate is washed with cold water, dried at 100® C., 
and ignited to bright redness. The precipitate, which melts at a bright 
red heat, should be detached from the filter if paper is used. Precipi- 
tation is incomplete in the absence of ammonium chloride, or in the 
presence of alkaline acetates or free acetic aeid.^ The solution should 
be practically neutral — 10 per cent, of ammonium chloride should be 
present, and the precipitated solution should stand for several hours 
before liltering.^ 

Winkler adds a considerable excess of 20 per cent, diammonium 
hydrogen phosphate to the faintly acid solution. The solution should 
be dilute, hot, and contain about 2 per cent, of ammonium chloride. 
Moderate amounts of other ammonium salts or of the chlorides of 
sodium and potassium have no appreciable effect upon the estimation. 
The amorphous ])reci})itate becomes crystalline, and it should be allowed 
to stand for two hours before filtering. The firccipitate is the mono- 
hydrate, and it can be washed with 50 c.c. of a cold saturated solution 
of ammonium cadmium phosphate, then with methyl alcohol, and finally 
dried at 100® C. without alteration.® 


^ Carnot and Proromont, Gompt. re.nd.^ 1885, loi, 59. 

* Austin, Amer. J. Sci„ 1899, [4], 8, 206. 

* Winkler, ZeiUwh. angew. Chem.y 1921, 34, 466. Corrections are given to apply to 
the weight of precipitate found. 



CHAPTER VI 

MERCURY AND ITS COMPOUNDS. 

MERCURY. 

Symbol, Hg. Atomic Weight, 200-Cl (0 = 16). 

Occurrence. — The principal ore of mercury is the red sulphide, cinna- 
bar, HgS. It is far more abundant than any other, and is found in 
rocks of very different ages, generally occurring in a massive or granular 
condition. Several varieties are known, such as steel ore (which is the 
richest), hepatic cinnabar, coralline ore, and brick ore. The hardness 
is 2“2-5 on Mohs’ scales, and the density is 8-8-2. The chief European 
cinnabar mines are at Almaden in Spain, but the ore also occurs in 
Idria, where it was mined as early as 1497,^ and, to a less extent, 
in the Balkan Peninsula, Russia, Siberia, Caucasia, Australia, New 
Zealand, China, Japan, and certain parts of Central and South America. 
Important mines are to be found in California and Peru.^ Metacinna- 
barite is a black sulphide almndant in some of the Californian 
mines. ^ 

Mercury occurs in the metallic state to a certain extent, generally 
as a decomposition product of cinnabar. Mercury minerals of less 
importance are the chloride calomel, IlggClg,^’ ® the oxide mon- 
troydite, HgO,®’ ® and two oxychlorides, one a mercurous-mercuric 
compound, terlinguaite, 2 lIgO.IIg 2 Cl 2 ,®’ ® and the other eglestonite, 
HggO.HggClg,® to which the empirical formula Hg^ClgOg has also been 
ascribed.®*’ An interesting mineral is kleinite, which was regarded 
as an oxychloride by Moses,®*® but which is apparently a mercury- 
ammonium derivative, NHggCl, mixed with a small quantity of a 
mercury oxychloride and sulphate, or oxjT^sulphate.® 

Amalgams of silver of different concentrations have been found. 
For example, a crystalline amalgam of the approximate composition 

1 Paysse, Ann. Ghim., 1814, 91 , 161. 

* Siliiman, Amer. J. Sci., 1864, [2], 38 , 190; Blake and Rolland, J. Chem. Soc., 1881, 
40 , Abs., 689. 

® Clarke, Data of Geochemistry, 1916, U.8. Geol. Survey, Bull. 616, p. 664. 

* Goldschmidt and Mauritz, Zeitsch. Kryst. Min., 1908, 44 , 393. 

* Hillebrand and Schaller, J. Amer. Chem. Soc., 1907,29, 1180 ; Amer. J. Sci., 1907, 
[4], 24 , 269 ; U.S. Oeol. Survey, 1909, Bull. 405. 

® Moses, Amer. J. Sci., 1903, [4], i 6 , 253 ; Zeitsch. Kryst. Min., 1904, 39 , 3. 

’ Hill, Amer. J. Sci., 1903, [4], 16 , 261. 

® See also Sachs, Sitzungsber. K, Akad. Wiss. Berlin, 1906, 1091, 

* Hillebrand, J. Amer. Chem. Soc., 1906, 28 , 122; Amer. J, Sci., 1906, [4], 21 , 86 ; 
Hillebrand and Schaller, J. Amer. Chem. Soc., 1907, 29 , 1180 ; Amer. J. Sci., 1907, [4], 
24 , 269 ; U.S. Oeol. Survey, 1909, Bull. 405. See also Sachs, Genlr. Min. Oeol. Pal., 
1906, 200. 
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AggHgg occurs in Chili. ^ A crystallised gold amalgam from California, 
AuHgg, has also been described.^ There are rare compounds of mer- 
cury with antimony sulphide, titanium, and iodine,® and the selenide, 
tiemannite^ was formerly commercially worked in Utah.^ 

Mercury and mercury sulphide have been found in hot-spring 
deposits in New Zealand and Nevada,^ and it is, in fact, generally 
considered that cinnabar and other ores of mercury have been deposited 
originally from aqueous solution by cooling and reduction of pressure. 
Mercury ores are much more frequently found as narrow veins, or 
disseminated through siliceous or limestone rocks, than in the massive 
state.® 

History. — Mercury was known to the Greeks and Romans, but 
})robably not so early as gold, tin, lead, and iron.® It is mentioned by 
Aristotle, 320 n.c., as liquid silver. A distinction was made by Pliny 
between native mercury, which was known as argentum vivuni, or 
quicksilver, on account of its mobility, and mercury prepared from 
cinnabar, called hydrargyrum, or silver water. Apart from the mercury 
as known to us, the early alchemists spoke of a mercury which they 
regarded as the spirit or essence of metals, the constituent to which 
these owed their metallic properties ; the other constituent, or earthy 
principle, being sulphur. 

The alchemists experimented with amalgams, and, as early as the 
middle of the sixteenth century, mercury was used medicinally, both 
in the metallic state and also in the combined state as the precipitated 
oxide, basic sulphate, or chloride. 

Preparation of Mercury.- -Mercury is extracted from cinnabar 
by calcination at a high tem})erature, either alone in contact with air, 
when sulphur dioxide and mercury are formed, or along wuth iron or 
lime with the exclusion of air. With iron, ferrous sulphide and mercury 
are obtained, and with lime, calcium sulphide, calcium sulphate, and 
mercury. The first method is most frequently used, the two latter 
being only employed for rich ores. Since the temj)erature employed is 
higher than the boiling-point of mercury, the* metal is collected by 
condensation. 

The old type of furnace, long used in Peru and Spain, was discon- 
tinuous. The ore in lumps was placed in a shaft on a perforated arch, 
and heated by the hot gases from the fire below. This has been super- 
seded almost everywhere by a continuous furnace, of which the Exeli, 
Novak, and Czermak-Spirek shaft furnaces arc examples. In these, 
the heating gases enter at the side, or the furnace is charged with a 
mixture of ore and charcoal. 

In California, the Iliittner and Scott shelf furnaces are extensively 
used, and are especially suitable for finely divided ores. The ore, in 
small pieces of about one inch diameter, is placed upon inclined shelves, 
sloping at an angle of 45° alternately in opposite directions, so that the 
ore slides down to fill up some of the space between the shelves. The 
furnace gases pass horizontally between the surface of the ore and the 

^ Domeyko, Compt. rend., 1864, 58 , 656. 

* Sonnenschein, Zeitsch. deutsch. geol. GetteU,, 1854, 6 , 243 ; Jahresber., 1864, 807. 

® HalBe, Mercury Ores, Monograx>h 8 on Mineral Resources, with Special Reference to 
the British Empire (John Murray), 1923. 

^ Clarke, Data of Geochemistry, 1916, U.S. GeoL Survey, Bull. 616, pp. 664-669.. 

* Kopp, Geschichte der Chemie, 1847, 4 , 172. 
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shelf above. The ore, after roasting, is discharged at the bottom of 
the furnace. 

Multiple-hearth, mechanically stirred furnaces have also been used, 
and even, in very recent times, rotary furnaces, such as are used for 
cement-burning. For certain types of ore, reverberatory furnaces are 
more satisfactory than shelf furnaces. 

When the ore is treated with lime or iron, retort furnaces are neces- 
sary. The mixture is heated in east-iron or clay retorts of cylindrical 
or pear-shaped form, and may contain 1 5 cwt. of ore. The method 
is more costly than the air-roasting process, and produces vaj^ours 
which are more injurious to the workmen. It has therefore practically 
fallen into disuse. 

In all the processes employed, a mercurial soot known as “stupp” 
is obtained. It consists of finely divided mercury, together with mer- 
cury sulphate and chloride, and the sooty products aiid ash of the fuel. 
It accumulates in the condensers, and is collected and treated for the 
recovery of mercury. Some of the mentury may be removed mechani- 
cally by pressure or friction. The residue may be mixed with ore and 
returned to the furnace. 

In the earlier types of condensing apparatus, part of the condensation 
was effected in a series of “aludels,” or pear-sha|)ed fireclay condensers, 
glazed on the outside and with a narrow neck fitting into the wide end 
of the succeeding one. Forty to forty-five of these were arranged in 
])arallel rows, and communicated ultimately with condensing chambers. 
The aludel furnace used at Almaden in Spain was introduced into 
Idria about 1750, but was soon altered to the form known as the Idrian 
furnace, in which the aludcls were replaced by large brick chambers. 
In the present-day furnaees tlic condensers consist of east-iron })i})es 
of elliptical section. Where acid vaj)ours are likely to condense, the 
pipe is lined with cement to avoid corrosion of the iron, or glazed stone- 
ware may be used. These condensers are water-cooled. From the 
condensers the vapours pass into flat wooden flues or dust chambers, 
in which the soot poor in mercury is collected.^ 

Purification of Mercury. -Since mercury is used in the construc- 
tion of many instruments of precision, and for other scicntilic purposes, 
much attention has been given to the (question of the purification of 
mercury. The methods employed generally resolve themselves into 
one of three types. Purification from mechanical impurities is effected 
by filtration through leather, muslin, or filter paper pierced by small 
holes. Purification from dissolved impurities — that is, foreign metals — 
may be brought about by distillation in vcunio,^ or by some chemical 
method, such as the oxidation of the metallic impurities by heating 
in a current of air, and subsequent removal of the oxides by filtration,® 
or the solution of the impurities by some modification of Lothar Meyer’s 

1 For fuller details see Thorpe, Dictioimry of Applied Chemistry (Longmans, Green & 
Co.), 1922, vol. iv. p. 265. 

» Wetzel, Chem, Zeit., 190S, 32, 1228 ; Dunoyer, Compt. rend., 1912, 154, 1344 ; Ann. 
Chim, Phys.y 1912, [8], 26, 419 ; Duschak and S]>encer, ./. Physical Chem., 1917, 21, 311 ; 
Dunnicliffe, Chem. News, 1917, 116, 41 ; Hostetter and Sosman, J. W<ish. Acad. Sci., 
1918, 8, 11. 

8 Forbes, Chem. News, 1912, 106, 74 ; Margot, Arch. Sci. phys. nat. Oentve, 1914, [4], 
38, 46; Harries, Zeitsch. angew. Chem., 1921, 34, 369; Harries and Evers, ibid., 641. 
See also Bettel, Chem. News, 1908, 97, 158. Lead might also be turned to sulphide. See 
Banerjee, Zeitsch. anorg. Chem,, 1913, 83, 113. 
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method, 1 in which mercury is allowed to fall in a finely divided stream 
through dilute nitric acid, acidified mercurous nitrate, or ferric chloride.* 
The test for pure mercury is the ability to form spherical globules on 
a clean glass plate, without showing any tendency to adhere to the 
plate. 

Physical Properties. — Mercury is a silvery -white metal of density 
13-59535 at 0° C.® It is liquid at the ordinary temperature and freezes 
at —38-88° C. to —38-89° C.,^ forming regular octahedra with a silvery 
lustre. The effect of pressure on the melting-point has been examined.® 
Reduction in volume takes place on freezing,® the density of the 
liquid at freezing-point being 13-6902 ’ and of the solid 14-193.® 
The density at the temperature of liquid air is 14-382,® and the density 
at absolute zero has been calculated to be 16-39.^® X-Ray determina- 
tions of the crystal structure at —115° C., however, indicate a density 
of 13-97, assuming one atom per ccll.^^ The hardness of solid mercury 
is 1-5 on Mohs’ scale. The atomic latent heat of fusion is approxi- 
mately 0-56 Cal.^® The specific heat of mercury is 0-03325 at 0°- 
19° C.,1^ or atomic heat 6-67. Between — 71-0° C. and -183-3° C. the 
specific heat is 0-0316.^® Simon finds 1-107 for the atomic heat at 
9-78° abs., and 1-570 at 13-35° abs.^® Pollitzer has obtained values 
varying from 3-89 at 31-1° abs. to 6-70 at 232° abs.^’ 

The following values for the vapour pressure at different tempera- 


^ Meyer, Ben, 1879, I2, 437. 

* Desha, Amer. Chem, J., 1909, 41 , 152; Moore, Chem. ZeiL, 1910, 34 , 735; Hilde- 
brand, J, Amer. Chem. Soc.^ 1909, 31 , 933 ; Friedrichs, ZeiUeh. angetv. Chem., 1914, 27 , 
24 ; Pulten and Mains, J. Ind. Eng. Chem., 1917, 9 , 600. 

® Volkmann, Wied. Annalen, 1881, [2], 13 , 209. Sec also Thicsen, Scheel, and Sell, 
Wissenschaftl. Abhandl. phys.-tech. Beichsanst, 1895, 2 , 73 ; Thiesen and Scheel, Zeitsch. 
Instrumentenkunde, 1898, 18 , 138. 

* Vinoentini and Omodei, Atii Acc. Torino, 1887, 23 , 38 ; Grunmach, Physikal. 
Zeitsch., 1902, 3 , 136 ; Henning, Ann. Physik, 1914, [4], 43 , 290 ; Wilhelm, J. Franklin 
Inst., 1916, 182 , 525 ; Scheel, Zeitsch. angew. Chem., 1919, 32 , 347 ; Keyes, Townshend, 
and Young, J. Chem. 80 c., 1923, 124 , Abs. ii, 376. Guertler and Pirani {Zeitsch. Metall- 
kunde, 1919, ii, 1) give -39-7° C. 

® Tammann, Wied. Annalen, 1889, [2], 68 , 636. 

® Grunmach, loc. cit. 

’ Vinoentini and Omodei, he. cit. 

* Mallet, Proc. Boy. Soc., 1877, 26 , 71. According to Grunmach {Physikal Zeitsch., 
1902, 3 , 134), the increase in density on freezing is greater than this, namely, about 5 per 
cent. 

» Dewar, Chem. News, 1902, 85 , 289. 

Horz, Zeitsch. anorg. Chem., 1919, 105 , 171. 

McKoehan and Cioffi, Phys. Beview, 1922, [2], 19 , 444. 

Rydberg, Zeitsch. physikal. Chem., 1900, 33 , 358. 

Egerton, Phil. Mag., 1917, [ 6 ], 33 , 47. See also Person, Ann. Chim. Phys., 1848, [3], 
24 , 257 ; Langlois, Jahresber., 1886, 468; Pollitzer, Zeitsch. Elektrochem., 1911, 17 , io ; 
Koref, Ann. Physik, 1911, [4], 36 , 66 . 

Bronsted, Zeitsch. Elektrochem., 1912, 18 , 714. Kurbatoff (/. Buss. Phys. Chem. Soc., 
1908, 40 , 81 1 ) found 0-0325 to 0-0331 at 0°~306® C. See also Duiong and Petit, Ann. Chim. 
Phys., 1817, [2], 7 , 147; de la Rive and Marcet, ibid., 1840, [2], 75 , 139; Regnault, ibid., 
1840, [2], 73 , 54 ; 1849, [3], 26 , 268 ; Langlois, Jahresber., 1886, 468 ; Winkelmann, Pogg. 
Annalen, 1876, 159 , 152 ; Zeitsch. physikM. Chem., 1891, 8, 142 ; Heilbom, ibid., 1891, 7 , 85 ; 
Pettersson, Ber., 1879, 12 , 1718; J. prakt. Chem., 1881, [2], 24 , 144; Milthaler, Wied. 
Annalen, 1889, [2], 36 , 897 ; Naocari, Atti Acc. Torind, 1888, 23 , 1 ; Bartoli and 
Stracciati, Oazzetta, 1895, 2 $, i, 380 ; Nuovo Cim., 1895, [4], i, 291. 

** Barschall, Zeitsch. El^trochem., 1911, 17 , 341. 

Simon, Zeitsch. physikal. Chem., 1923, 107 , 279. See also Egerton, Phil. Mag., 
1920, [ 6 J, 39 , 1. 

Pollitzer, Zeitsch. Elektrochem., 1913, 29 , 513. 
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tures have been compiled from the experimental data of several 
investigators * ; — 

Temperature, ° C. . 16 50 121-8 160 191-5 264-16 356-95 433-96 

Vapour pressure, 

ram. mercury . 0 0010 0 01 13 0-829 2-802 13-02 106-52 760 2598-67 

The vapour pressures at higher temperatures have also been deter- 
mined ® : - 

Temperature, ° C. . 450 500 600 700 800 880 

Vapour pressure, 

atmospheres . 4-25 8 22-8 50 102 162 

The vapour pressures between the temperatures 120'' C. and 435° C. 
may be represented by the following equation ^ : — 

3276-628 

log p=9-9078486 ^ 0-6510904 log 0, 

The boiling-point is practically 357° ^ and the rise of boiling-point 

per mm. of pressure is 0-0746° C.® The atomic latent heat of vaporisa- 
tion is 14-67 ±0-05 Cal. at 298-1° abs.,® and at the frcezing-])oint of 
mereury it is calculated to be 15 -536 ±0-033 Cal.^ 

Vapour density determinations,® and the ratio of the specific heats 
at constant pressure and constant volume respectively,® indicate that 
the vapour is monatomic. 

The approximate critical constants of mercury are: 7^^-1700° 
abs., — atmospheres, dc=5.^® 

The thermal conductivity is 0-0248 Cal. per cm. per sec. ])er degree 


^ Smith and Menzies, J. Amer. Cham. Soc., 1910, 32 , 1434; Ann. Physik\ 1910, [4], 
33» 979 ; Menzies, J. Am,er. Che/m. Soc.j 1919, 41 , 1783. 

2 Morley, PhiL Mag., 1904, [ 6 ], 7 , 662; Zeitsch. phyaikal. Che.m., 1904, 49 , 95. See 
also Ruff and Bergdahl, Zeitach. anorg. Gh^m., 1919, 106 , 76; Knudsen, Ann. Phyml% 
[4], 29 , 179 ; baby, Phil. Mag.^ 1908, [ 6 ], 16 , 789 ; Gebhardt, Verh. Dent, phydkal. 

1905, 8 , 184 ; Pfaundler, Wied. Annalen, 1897, [2], 63 , 36 ; Hertz, ibid., 1882, [2], 17 , 
193 ; Ramsay and Young, Trans. Chem. Soc., 1886, 49 , 37. 

® Oailletet, Colardeau, and Riviere, Gompt. rend., 1900, 130 , 1585. 

* Smith and Menzies, loc. cit. ; Ruff and Bergdahl, loc. cit. 

^ Heycook and Lamplough, Proc. Chem. Soc., 1912, 28 , 3. 

® Fogler and Rodebush, J. Amer. Chem. Soc., 1923, 45 , 2080. See also Kurbatoff, 
J. Russ. Phys. Chem. Soc., 1902, 34 , 659; Zeitsch. physikal. Chem., 1903, 43 , 104; 
Konowaloff, ibid., 1887, i, 39 ; Langlois, Jahresber., 1886, 468. 

’ Simon, loc. cit. 

® von Wartenberg, Zeitsch. anorg. Chem., 1908, 56 , 320 ; Jewett, Phil. Mag., 1902, 
[ 6 ], 4 , 546 ; Kurbatoff, J. Russ. Phys. Chem. Soc., 1902, 34 , 659 ; Baker, Trans. Chem. 
Soc., 1900, 77 , 648 ; Biltz and Meyer, Ber., 1889, 22 , 725 ; Meyer, ibid.,. 1879, 12 , 1426. 

• Kundt and Warburg, ibid., 1875, 8 , 948. Leduc {Compt, rend., 1898, 127 , 662) sug- 
gested that this does not necessarily prove the mfmatomicity of mercury. 

Weber, Chem. Zentr., 1922, hi, 27 ; Onnes, ibid., 1921, hi, 769 ; Meyer, Physikal. 
Zeitsch., 1921, 22 , 76 ; Bender, ibid., 1915, 16 , 246 ; 1918, 19 , 410 ; van Laar, Proc. K. 
Akad. Wetensch. Amsterdam, 1920, 23 , 267, 282 ; Arids, Gofnpt. rend., 1918, 166 , 334 ; 
Konigsberger, Chem. Zeit., 1912, 36 , 1321. Much lower values for the critical tempera- 
ture have been given by Happel, Ann. Physik, 1904, [4], 13 , 340 ; van Laar, Beibl. Wied. 
Annalen, 1918, 42 , 42; Rassow, Zeitsch. anorg. Chem., 1918, 104 , 81 ; 1920, 114 , 149; 
Walden, ibid., 1920, 112 , 225. Menzies (J. Amer. Chem. Soc., 1913, 35 , 1065) stated that 
oaloulation from Davies’ and Thorpe and Rheker’s formulae indicates a value above 
2600® abs. 
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at 0° C., and increases with rise of temperature.^*^ The ratio of the 
thermal conductivity of solid to that of liquid mercury is 8.^*® 

The electrical conductivity, which diminishes with rise of tempera- 
ture,^ has been studied by numerous investigators.^ The unit of 
electrical resistance, the international ohm, is expressed in terms of 
mercury. The ohm is defined as the resistance offered to an unvarying 
electric current by a column of mercury of length 106*300 cm., of mass 
14-4521 grm., and of constant cross-sectional area, at the temperature 
of melting ice. I'lie ratio of the resistances of liquid and solid mercury 
at the melting-point is about 5.^^^ 

The thermo-electric power of mercury against different metals under- 
goes a sudden change at the melting-point, and therefore there is a 
contact difference of potential between liquid and solid mercury.^*® 

The coeflicient of cubical expansion by heat is given by Callendar 
and Moss as 0-0001820536 between 0° and 100° C.,’ but this is criticised 
by Scheel and Heuse,® who su])port Ghappuis’ determinations,® 
according to which the value at 100° C. is 0*000182541. Hoffman and 
Meissner adopt the value 0*00018252 at 100° C.^® Between —190° 
and —39° C. the coeflicient is 0*0000887,^^ and between —78° and 
-38° C. it is 0*000123.12 

The com])ressibility of mercury is 3*96x10”® megabars at 20° C.i® 
It increases with temperature and decreases with pressure, 

The surface tension of mercury in air is 464*9 dynes/cm., and in 
water 374*8. i® The surface tension in vacuo is })ractically the same 
as in dry air, and its dependence on temperature is expressed by the 
following equation i® ; — 

(7 = 467— 0*043(^+39)— 0*000386(/+39)2. 

The surface tension of mercury in contact with solutions of electro- 
lytes depends on the difference of potential established between the 

* Gehlhoff and Noumeiers, Verh, Dent, physikal. Ocs„ 1919, 2 i, 201. 

* See also Beetz, Wied. AnnaleUt 1879, [2], 7 , 441 ; Hei-wig, ibid.^ 1880, [2], 10 , 662 ; 
Weber, ♦ 6 td., 1880, [2], ii, 346 ; Ann. Phyaik, 1903, [4], ii, 1047 ; Berget, Compt. rend., 
1887, 105 , 224 ; 1888, 107 , 171 ; 1890, no, 76 ; Nettleton, Phil. Mag., 1910, L 6 J, 19 , 687. 

® Porter and Simeon {Proc. Phys. Soc., 1916, 27 , 307) found 3-91. 

* Matthiessen, Pogg. Annalen, 1858, 103, 428; Siemens and Halske, Beibl. Wied. 
Annalen, 1883, 7 , 129; T^nz and RestzofF, ibid., 1884, 8 , 693; AVeber, ibid., 1884, 8 , 
1838 ; Wied. AnnaUn, 1885, [2J, 25, 245 ; Strecker, ibid., 1885, L2], 25, 252, 456 ; Kohl- 
rausch, ibid., 1888, [2], 35, 700 ; Grunmach, ibid., 1888, [2], 35, 764 ; Rayleigh and Sidge- 
wick, Proc. Boy. 80c., 1883, 34, 27 ; Berget, Compt. rend., 1890, no, 76; Glazcbrook, 
Phil. Mag., 1891, [5], 32, 70. 

* Onnes and Holst, J. Chem. 80c., 1914, 106 , Abs. ii, 832 ; Dewar and Fleming, Proc. 
Roy. Soc., 1896, 60 , 76. 

« See also Burnie, Phil. Mag., 1897, [ 6 ], 43 , 397. 

’ Callendar and Moss, Phil. Trans., 1911, 211 A, 1 ; Callendar, Phil. Mag., 1912, 
[ 6 ], 23 , 679. 

“ Scheel and Heuse, ibid., 1912, [ 6 ], 23 , 412 ; Ber. Dent, phyaikal. Qes., 1912, 14 , 139. 

® Chappuis, Trav. et Mem. du Bureau intern, dea Poida et Mes., 1907, 13 , c3-c31. See 
also Thiesen, Scheel, and Sell, Wiaaenackaftl. Abhandl. phys.-tech. Beichaanat., 1895, 2 , 73. 

Hoffman and Meissner, Zeitach. Inatrumentenkun^, 1919, 39 , 212. 

Dewar, Proc. Boy. 80c., 1902, 70 , 237. 

Grunmach, Phyaikal. Zeitach., 1902, 3 , 134. 

Richards and Bartlett, J. Amor. Chem. Soc., 1916, 37 , 470. See also Lewis, Zeitach. 
phyaikal. Chem., 1912, 79 , 186 ; Hulett, B)id., 1900, 33 , 237. 

Camazzi, Nuovo Cim,, 1903, [ 6 ], 5 , 180, see J. Chem. 80c., 1903, 84 , Abs. ii, 714. 

Harkins and Grafton, J. Amer. Chem. 80c., 1920, 42 , 2634. 

Hogness, ibid., 1921, 43 , 1626 . See also Harkins and Ewing, ibid., 1920, 42 , 2539 ; 
Palacios, J. Chem» Soc.^ 1921, 120 , Abs. ii, 304.* 
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liquid and the mercury, a phenomenon which led to the construction 
of Lippmann’s capillary electrometer. ^ The most sensitive liquid is 
ordinary sulphuric a(*id solution. ^ The effect has been studied for a 
number of solutions,® and also for orjranic liquids ^ and for air ionised 
by X-rays.® 

The physical properties of mercury at the tem})erature of liquid 
helium have been examined by Onnes. The electrical resistance at 
4 -3° abs. is 0*0021 of the value for solid mercury at 273' abs., and at 
3° abs. it is only 0*0000001. Further lowering of the temperature 
to 1*5° abs. produces no measurable alteration in resistance. When a 
definite current strength, known as the ‘‘ threshold value,” is reached, 
the resistance practic^ally disa])pears at a temperature of 4*19° abs. 
There is apparently a slight increase at 3*05“ abs., and the specific 
resistance at 2*45° abs. is about 2xl0~^® ohm. In the presence of 
impurities the resistance completely disappears at 4*19° abs.® The 
mean specific heat between 4*20° and (MS'" abs. is 0*00142, and 
between 2*93'’ and 3*97° abs. 0*000534. Measurements of thermal 
conductivity give K=0*27 between 4*5" and 5*1'' abs., and 0*40 
between S and 3*9° abs. The s])eeific heat and thermal con- 
ductivity of mercury give no evidence of the discontinuity shown by 
the electrical conductivity at 4*19° abs."^ 

The chief lines in the spectrum of mercury, measured in Angstrom 
units, arc ® : — 

Arc: Infra-red: 11288*2, 10140*0; Visible: 7729*40, 7092*40, 
7082*92, 0908, 0234*0, 0123*8, 0073*0, 5790*5, 5709*0, 5401*0, 4358*0, 
4078*1, 3054*9, 8650*3, 3125*8, 3021*0; Ultra-violet: 2907*4, 2847*8, 
2752*9, 2052*2, 2530*7. 

Spark: Visible: 6152*3, 5804*3, 5790*5, 5709*5, 5079*1, 5461*0, 
5426*5, 4959*7, 4358*0, 4078*1, 4046*8, 3984*1, 30,54*9, 3050*3, 3131*9, 
3125*8 ; Ultra-violet : 2967*4, 2847*9, 2752*9, 2530*7. 

The extreme ultra-violet between A-=^2054 A. and 1435 A. has been 
studied by McLennan and Lang,® and, by the methods recently de- 
veloped for examining the ultra-violet spectrum in the regions beyond 
that reached by Schumann and Lyman, it has been shown that the 
limiting wave-lengths of the mercury s})ectrum probably lie between 
1000 A. and 1200 A.^® The mercury arc is rich in ultra-violet rays, and 
the quartz-mercury lamp is used as a source of ultra-violet radiation 
in photochemical investigations, and also for purposes of sterilisation. 

1 Lippmann, Ann. Ghim. Phys., 1875, [5], 5, 494 ; 1877, I2, 265 ; Gouy, Compt. rend., 
1892, II4, 22, 343, 657 ; Pellat, ibid., 164 ; Bergct, ibid., 531, 742. 

* Roshdestwensky and Lewis, Trans. Faraday Soc., 1912, 8, 220. 

3 Meyer, Zeitsch. physikal. Chem., 1910, 70, 315 ; Tolara, Atti E. Accad. Lincei, 1918, 

^ ^ * Poiara and Maresca, Chem. Zentr., 1918, i, 608, 815 ; Polara, ibid., 1919, i, 896. 

3 Polara, Atti E. Accad. Lincei, 1918, [5], 27, i, 324. 

* Onnes, Proc. K. Akad. Wetensch. Amsterdam, 1911, 13, 1274 ; 1912, 14, 113 ; 1913, 15, 
1406 ; 16, 113, see J. Chem. Soc., 1913, 104, Abs. ii,-748, 822; Onnes and Holst, Proc. K. 
Akad, Wetensch. Amsterdam, 1914, 17, 508. 

^ Onnes and Holst, ibid., 1914, I7» 760. 

* Watts, Index of Spectra, AppencHx “ U ” (1911) (Wesley & Son, London ; Abel Hey- 
wood & Son, Manchester) ; McLennan and Shaver, Proc. Eoy. Soc., 1921, [A], 100, 200. 

* McLennan and Lang, Proc. Eoy. Soc., 1919, [A], 95, 258. See also Bloch and Bloch, 
Compt. rend., 1920, 17^1 909. 

Richardson and Bazzoni, Phil. Mag., 1917, [ 6 ], 34> 

“ Lowiy, Tram. Faraday Soc., 1912, 7 , 267 ; Weigert, ZeitteA. physikal. Chem., 1912, 
80 , 67 ; Henri, Helbronner, and de Reoklinghnnsen, Corojrf. retid., 1912, 155 , 862. 
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Emission and absorption in the infra-red spectrum has been ex- 
amined by Dearie.^ 

The fluorescence of mercury vapour under various conditions has 
been studied “ for example, under excitation by X-rays, ^ ultra-violet 
rays,^ or an electrical discharge.^ The fluorescent spectrum cannot, 
apparently, be excited in mercury vapour which is quiescent, but only 
in vapour which is being distilled from the metal at a temperature of 
not less than 150° C. Hence it has been concluded that the active 
molecules are not the neutral monatomic molecules, but probably 
diatomic,® The luminescence continues after the removal of the excit- 
ing influence, and is probably due to the recombination of positive and 
negative ions.® 

Two resonance potentials have been found for mercury vapour, 
one at 4-9 volts stimulating the line 2530-72 A.,’’® and a second at 
6-7 volts giving the line 1849 A.® The ionisation potential is 10-38 ±9 05 
volts,®’®’ but, according to Ilebb,^^ it is a function of the temperature 
of the cathode, values as low as 5 volts being obtained at high tempera- 
tures. The striking voltage is F— 10 -5 -“0-002 T, where T is the absolute 
temperature. 

Doubly charged mercury ions have been found at 19 ±2 volts.®’ 

The refractive indices of gaseous mercury, for different wave-lengths, 
have been determined, and also the dis 2 )ersion and magnetic 
rotation. 

Chemical Properties. — Mercury reacts readily with the halogens, 
whether moist or dry,^® esi)ecially with fluorine.^® In the presence of 
halogens or ozone it acquires the property of adhering firmly to glass. ^®’ 
Pure, dry hydrochloric acid has no action, even at 200° C., nor hydrogen 
sulphide at 100° C.^® By the action of gaseous hydrochloric acid 

^ Dearie, Proc, Roy. Soc.^ 1916, [A], 92 , 608 ; 1919, [A], 95 , 280. See also McLennan 
and Shaver, ibid.^ 1921, [A], 100 , 200 ; McLennan and Dearie, Phil. Mag.^ 1915, [ 6 ], 30 , 
683 ; Paschen, Ann. Physik, 1910, [4], 33 , 717 ; Rubens and von Raeyer, Ritzungsber. K, 
Akad. Wiss. Berlin, 1911, 339, 666 ; Phil. Mag., 1911, [ 6 ], 21 , 689. 

* van dor Lingen, Zeitsch. Physik, 1922, 10 , 38 ; Landau and Piwnikiewicz, Physikal, 
Zeitach., 1913, 14 , 381. 

® Phillips, Proc. Roy. Soc., 1913, [A], 89 , 39 ; Hartley, ibid., 1905, [A], 76 , 428 ; Wood, 
Phil. Mag., 1909, [ 6 ], 18 , 240 ; Franck and Wood, ibid., 1911, f 6 ], 21 , 314. 

* Metcalfe and Venkatesachar, Proc. Roy. Soc., 1921, [A], 100 , 149; Horton, ibid., 
1911, [A], 85 , 288; Child, Astrophyaical J., 1922, 55 , 329; Stark, Wendt, and Kirsch- 
baum, Ann. Phyaik, 1913, [4], 42 , 278. 

® van dcr Lingen and Wood, Aatrophyaical J., 1921, 54 , 149. 

* Ricker, Phya. Review, 1921, 17 , 195 ; Child, Phil. Mag., 1913, [ 6 ], 26 , 906. 

’ Franck and Hertz, Ber. Deut. phyaikal. Gea., 1914, 16 , 457 ; Newman, Phil. Mag., 
1914, [ 6 ], 28 , 753 ; McLennan and Henderson, Proc. Roy. Soc., 1915, [A], 91 , 485 . Goucher 
{Phya. Review, 1916, 8 , 561) supposed it to be the ionisation potential. 

® Tate, ibid., 1916, 7 , 686 . • Einspom, Zeitach. Phyaik, 1921, 5 , 208. 

McLennan and Young, Proc. Roy. Soc., 1919, [A], 95 , 279 ; Gibson and Noyes, J. 
Amer. Chem. Soc., 1922, 44 , 2091 ; Found, Phya. Review, 1920, 16 , 41 ; Davis and Goucher, 
ibid., 1917, 10 , 101. 

Hebb, ibid., 1920, 16 , 375. Smyth, Proc. Roy. Soc., 1922, [A], 102 , 283. 

Cuthbertson and Metcalfe, Phil. Trans., 1907, [A], 207 , 135 ; Proc. Roy. Soc., 1908, 
[A], 80 , 411. 

Wood, Phil. Mag., 1909, [ 6 ], 18 , 240. 

Shenstone, Trans. Chem. Soc., 1897, 71 , 479 ; Cowper, ibid., 1883, 43 , 163. 

Moissan, Le Fluor et sea Composis (Paris), 1900, p. 211 ; Ann. Chim, Phya., 1891, 
[ 6 ], 24 , 248. 

Shenstone, Trans. Chem. 80 c., 1892, 61 , 462 ; Shenstone and Beck, Chem. News, 1896, 
67 , 116 ; Manohot and Kampschulte, Ber., 1907, 40 , 2891. 

** Berthelot, Awn. Chim. Phya., 1856, [3], 46 , 492. 
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mixed witli air, ealomel is formed after some montlis,^ and hydro^^en 
sulphide ^yas in the presence of air also attacks mercury.^ Gaseous 
hydrogen bromide only reacts slowly at ordinary temperatures, but 
rapidly at 100“ C.^ Hydrogen iodide is readily decom})osed in the 
cold, mercurous and mercuric iodides being formed.® Mercury is 
unattacked by nitrogen, nitrous oxide, nitric oxid(% and carbon dioxide, 
and is only su])erficially oxidised to a practically inappre(‘iable extent 
in contact with air.® In presence of ammonia,^ howcA cr, or if heated 
up to boiling-point,* it is readily oxidised by oxygen. It is at once 
oxidised by ozone in the cold,® but if heated to 250° C. it is not attacked, 
owing to the decomposition of the ozone. Mercury readily combines 
with sul])hiir. Hot concentrated sulphuric acid is decomposed by 
mercury with the production of sulphur dioxide and mercurous or 
mercuric sul])hate,'^ but with dilute acid there is no action. With 
nitric acid, even somewhat dilute, mercurous and mercuric nitrites and 
nitrates are formed with the evolution of oxides of nitrogen.® Under 
certain conditions hydrogen is displaced from hydrochloric and sul- 
phuric acids by the action of mercury. The mercury should impinge 
on th(‘ solution of acid, so that the concentration of mercury salt at 
the surface of the metal does not become large (‘uough to inhibit the 
action. In the case of sulphuric acid, secondar}^ efh'cts, resulting in 
the production of hydrogen sulpliide and free sulj)hur, have also been 
observ(‘d.*^ 

Mercury may act as a redu(*ing agent towards such substances 
as ])otassium permanganate, dichromate, and p(Tsul])hate, ferric salts, 
cop{)er sul})hatc, nitrobenzene, and vanadic aeid.^* Mercury also ri‘- 
aets with thionyl and sulphuryl chlorides, with phosphorus halides,^® 
and with halogen substitution products of the paraflins.^® The metal 
can a|>par(‘ntly dissolve in and diffuse through water whicih contains 
air, nitrogen, carbon dioxide, sulphuric acid, or potassium hydroxide, 
and also through benzene, nitrobenzene, and alcohol. Mercury may 
act as a contact poison to catalysts for example, to palladium or 
platinum.^® 

Colloidal Mercury. Attem])ts to prepare j)ure colloidal mercury 
by the reduction of a mercury salt with hydrazine hydrate or formal- 
dehyde, by the electrical dispersion of a mercury (*athode undcT 

^ Berthclot, AniK Chim. Phys., 1881, [5], 23 , 110. 

^ Berthclot, ibid., 1856, [.3J, 46 , 492. 

Norris and Cottrell, Amer. Ghem. J., 1896, 1 8 , 99. 

* Matignon and Dosplantes, Compt. rend., 1905, 140 , 853. 

^ Lavoisier, (Edvres, I, p. 35 ; Traitede Chimie, 1789. 

® Volta, Gazzetta, 1879, 9 , 521 ; Manchot and Kampsohulte, Per., 1907, 40 , 2891. 

’ Baskerville and Miller, J. Amer. Ghem. Soe., 1897, 19 , 873. 

® See Mercurous Nitrite, Mercuric Nitrite, Mercurous Nitrate, and Mercuric Nitrate. 

» Smith, Phil. Mag., 1909, [ 6 ], 17 , 833. 

10 Schaffhautl, Annalen, 1842, 44 , 25; Kirchmaam, Arch. Pharm., 1872, [2], 150 , 203 ; 
Carnegie, Trans. Ghem.. Soc., 1888, 53 , 471; Borar, ibid., 1911, 99 , 1414; Proc. Ghem. 
Soc., 1911, 27 , 128 ; MoC'ay and Anderson, J. Amer. Ghem. Soc., 1921, 43 , 2372 ; 1922, 44 , 
1018 ; Giles, Ghem. News, 1867, 15 , 204. 

North, J. Amer. Ghem. 80 c., 1910, 32 , 184. Wolf, Ber., 1915, 48 , 1272. 

Tammann, Zeitsch. anorg. Ghem., 1921, 1 15 , 146. 

Christoif, Zeitsch. physikal. Ghem., 1908, 63 , 346. 

Paal and Hartmann, Ber., 1918, 51 , 711. 

Bredig and von Berweek, Zeitsch. physikal. Ghem., 1899, 31 , 327 ; Bredig, Ber., 1918, 
51 , 1477. Gutbier, Zeitsch. anorg, Ghem,, 1902, 32 , 347. 

von Weimam, KoUoid- Zeitsch., 1923, 33 , 81. 
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potassium hydroxide solution,^ by the mechanical dispersion method, 
in which the mercury is ground with grape sugar and tlien treated with 
water, 2 or by the electrolysis of very dilute solutions of mercurous 
nitrate between large platinum, zinc, iron, lead, or nickel electrodes 
with a current of ()*2-0-3 amp. at 220 volts, ^ result in very unstable 
and dilute products. To form stable hydrosols some protective colloid is 
necessary. In the last method the presence of gelatine greatly increases 
the stability.^ By the method of electrolytic pulverisation of an 
amalgam another colloidal metal is introduced into the solution,®’^ 
or an arc may be struck between a clean mercury surface and a thin 
platinum wire cathode in the presence of gum arabic.® A mercurous 
salt may be reduced in the presence of an alkaline solution of pro- 
talbinic or lysalbinic acid, by hydrazine hydrate, hydroxylamine, or, 
preferably, by sodium hy]K)suIphitc, because, in the latter case, colloidal 
mercuric sulphide is probably formed and acts as a second ])rotective 
colloid.® By the addition of acetic acid a solid adsorption compound 
of the colloidal mercury with the protective acid is precipitated in 
brown flakes. The\se may he dried with or without })revious treatment 
with the minimum quantity of sodium hydroxide necessary for the 
formation of the salt of the acid. The dried product may be redissolved 
to form a colloidal solution again. Solid hydrosols containing up to 
as much as 92*6 per cent, of mercury are obtained with lysalbinic acid, 
whilst those with protalbinic acid do not reach so high a concentration. 
The colloidal solution is red-brown by transmitted and blue-grey and 
opaque by reflected light. Gutbicr and Wagner used quince seed 
extract as the j)roteetivc colloid. A solution of mercuric chloride rna}^ 
also be added to mixtures of gluten or dextrin with })yrogallol, catechol, 
or certain aminophenols, with subsequent addition of alkali.® 

Davis obtained a rhythmic precipitation of colloidal mercury by the 
interaction of an aqueous solution of mercurous nitrate with an agar- 
agar gel containing sodium formate.® lie suggested that the forma- 
tion of a banded deposit is due to the production of a supersaturated 
solution of colloidal mercury. 

By reduction of a mercury salt by stannous salts and addition of 
ammonium citrate a black ]:)recipitate of mercury containing colloidal 
stannic acid, and com})arable with the Purple of Cassius, is obtained. 
It forms a deep brown solution with water. By reduction of mer- 
curous nitrate with a nitric acid solution of stannous oxide, and coagula- 
tion by ammonium citrate, a product with a silvery lustre, and soluble 
in water with the formation of a deep brown colloidal solution, is 
obtained.^® 

The different dispersion methods for the production of mercury 
hydrosols, including the thermic dispersion method by which superheated 
mercury vapour is passed into water, have been discussed by Nordlund.^^ 

^ Bredig and Haber, Ber,, 1898, 31 , 2746. 

® Utzino, Kolloid-Zeitach., 1928, 32 , 149. 

® Billitzer, J5cr., 1902, 35 , 1929. * Gutbier, loc. cit, 

* Gutbier and Weiae, Kolloid-Zeitaeh,, 1919, 25 , 97. 

® Amberger, Zeitsch. Chem, Ind. Kolloide, 1911, 8 , 88 . 

^ Gutbier and Wagner, KoUoid- Zeitsch,, 1916, 19 , 291. 

® Amberger, ibid., 1916, 18 , 97. 

• Davis, J. Amer. Chem. Soc., 1917, 39 , 1312. 

Lottermoser, J. prakt. Chem., 1898, [ 2 ], 57 , 484. 

Nordlund, Kolloid- Zeitsch., 1920, 26 , 121. 
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Colloidal mercury acts as a catalytic a^ent — for example, in the de- 
composition of hydrop^en peroxide.^ In this case the action is rhythmic.^ 

On shaking up mercury with various liquids, siuih as water, ether, 
acetic acid, and certain salt solutions, it takes up such a hnely divided 
state as to appear to be a grey ])owder, and it retains this form so 
long as it remains under the liquid.^ By grinding up with some fatty 
medium for pharmaceutical preparations the same effect is produced, 
and is known as the extinction of niercunj,^ 

Physiological Action. — Mercury and mercurial compounds, ap- 
plied in the form of an ointment, have an irritating local action on 
the skin. Taken internally they have a strong toxic action, producing 
nausea, colic, and salivation. They bring about a sudden fall in blood- 
pressure, paralysis of respiration, and sometimes serious cardiac dis- 
turbances.® The most ra})id effect is produced by inhalation of mercury 
vapour. In cases of mercurial poisoning the metal accumulates to the 
highest concentration in the liver.® Mercury vapours and com})ounds 
are also toxic to plants.’^ Owing to their toxic effect on bacteria, 
mercury compounds, especially mercuric chloride,® are used as anti- 
septics. They are also used medicitially. 

The physiological effect is considered to be due to the mercury ion.® 
The toxic action of corrosive sublimate has been ascribed to the ion 
HgCl^".® The ionisable mercury compounds arc more ])oisouous than 
the non-ionising organic mercury compounds,^® and the addition of 
sodium chloride, for example, which represses the ionisation, reduces 
the toxic action. It has also been found that the antise})tic power of 
mercury is greatest in solutions of hydrion concentration 10 ®--I0"®‘®, 
whilst solutions of concentration i unfavourable to 

the action. That is, the antiseptic solution should be feebly acid 
rather than feebly alkaline. 

Uses. “Mercury is used industrially in the extraction of gold and 
silver,^® and also as a catalyst in the form of both metal and salts. 

It is employed in thermometers, barometers, and other scientific instru- 
ments where a heavy, non-volatile, and non-adherent liquid is required, 
and also for mirrors, although in the latter case a deposit of silver is 
now generally used. Mercury forms the cathode in the production of 
amalgams and the manufacture of caustic alkalies by electrolytic 
methods. Its employment in medicine and the mercury arc lamp have 

^ McIntosh, J. Physical Chem,, 1902, 6, 15. 

* Brodig and Weinmayr, Zeitsch. physikal. Ghem., 1903, 42, 601. 

® Millon, Ann. Ghim. Phys., 1846, [3], 18, 340. ^ Voit, Annalen^ 1857, 104, 358. 

® Salant and Kleitman, J. Pharm. Expt. Ther.f 1922, 19, 315, see Ghern. /Sfoc., 1922, 
122, Abs. i, 794. 

® Rosenbloom, J. Biol. Ghem., 1915, 20, 123; Abelin, Ghem. Zentr., 1912, ii, 1575; 
Slowtzoff, Beitr. Ghem, Physiol. Path., 1901, i, 281, see J. Ghem. Sor., 1902, 82, Abs, 
ii, 34. ’ Dafert, Ghem.. Zentr., 1901, i, 331 ; Oouimi, Gompt. rend., 1901, 132, 64.5, 

* Clark, J. Physical Ghem., 1901, 5, 289. 

® Paul and Kronig, Zeitsch. physikal. Ghem., 1896, 21, 414 ; Sabbatini, Biochem. 
Zeitsch., 1908, ii, 294; Fleckseder, Arch, exp, Pathol. Pharmak., 1912, 67, 409, see J. 
Ghem. 80 c., 1912, 102, Abs. ii, 582; but see Borkowski, Bull. Acad. 8 ci. Gracow, 1908, 
494, from J. Ghem. 8 oc., 1908, 94, 1049. Abelin, Ghem. Zentr., 1912, ii, 1575, 

Joaohimogen, Biochem. Zeitsch., 1921, 121, 259. 

** Joachimogen, ibid., 1923, 134, 489. 

Thorpe, Dictionary of ApplM Ghemistry (Longmans, Green & Co.), 1922, vol. iii, 
p. 452. 

Henderson, Gatalysis in Industrial Ghemistry (Longmans, Green & Co.), 1919 ; Cain 
and Thorpe, Synthetic Dyestuffs and Intermediate Products (Griflfin), 1923. 
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already been mentioned. Mercury is also used in the manufacture of 

various of its eom])o\inds of commercial importance for example, 

vermilion and fulminates. The mercury cathode may be used in 
quantitative analysis for electrolytic estimations,^ and it is also used 
ii» the construction of standard cells and electrodes. 

Atomic Weight . — Approximate Atomic Weight — Vapour density 
determinations indicate a molecular weight of 200. The ratio of the 
spceilic heats leads to the conclusion that the vapour is monatomic. 
Mercury, in its (‘ompotinds, has two equivalents, 100 and 200. These 
facts ])oint to an atomic weight of a])proximately 200. This is con- 
lirnied by the value for the specific heat which, on the assumption that 
th(* atomic wei<^dit is 200, leads to an atomic heat of 0 0. 

Exact Atomic WeightJ^- The following is a summary of the earlier 
investigations on the atomic weight of mercury 


Bate. 

Investigator. 

Ratio M(?a.sured. 

Atomic Weight.^ 


Sefstrehn •** 

Ilg : 0 by calcination of oxides 

200-75-202-79 

1H33 

Turner * 

IlgO : Hg by calcination of 

200-93 


1 

oxide. 

1 ligClg : 2AgCi by preei])ita- 

202-3 



tion. 

HgClg : 2AgCl by calcination 

201-05 



with lime and precipitation 
with silver chloride. 




HggClg : 2AgCl by calcination 

2()l-2(i 



with lime and precipitation 
with silver chloride. 




IlgClg - Hg by reduction with 

199-00 



stannous chloride. 


1844 

Erdmann and 

llgO : Ilg by calcination. 

200-204 


Marchand.'* 


1840 

Millon ® 

llgClg : Hg by distillation 

200-215 



with calcium oxide. 


1848 

Svanberg 

HgClg : Hg by reduction by 

199-7 


hydrogen. 


1890 

Hardin ® 

HgO : Hg 1 by electroly- 

200*03 



HgClg : Hg 1 sis in potass - 

200*04 



HgBrg : Hg j him cyanide 

199-75 



Hg(CN )2 : Hg \ solution. 

199-77 



Hg : 2Ag by electrolysis. j 

199-89 


^ Btiitger, Ber.y 1909, 42, 1824. 

2 All atomic weights in this section have been recalculated from the experimental data 
given in the original memoirs, using the following atomic weight values ; — 

0- 16 000 Br- 79-916 N- 14 008 

01- 36-457 Ag-107-880 C-12003 

•'* See Berzelius, Schweigger^ s J., 1818, 22, 328 ; Pogg, AnnaleUf 1826, 8, 181. 

* Turner, Phil. Trans. 1833, 540 ; AnnaUn^ 1835, 13, 26. 

® Erdmann and Marchand, J. 'prakt. Chem., 1844, [1^ 31, 395. 

• Millon, Ann. Chim. Phys.^ 1846, [3], 18, 344. 

’ Svanberg, J. prakt. Chem., 1848, [1], 45, 468. 

^ Hardin, J. Amer, Chem, /Soc., 1896, x8, 1003. 
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T]ie earliest of the series of investigations that led to the adoption 
of the accepted value for the atomic weight of mercury were carried 
out by Easley. In his first experiments, ^ the mercury iii carefully 
purified mercuric chloride was determined by jirccipitation of the oxide 
by sodium hydroxide, and reduction to mercury by hydrogen peroxide. 
The finely divided metal was made to coalesce to a globule which could 
be washed with water and dried with acetone. A small amount of 
finely divided mercury wliich did not coalesce had to be estimated 
separately. It was filtered, treated first with nitric acid and finally 
with bromine to ensure the presence of mercuric* salts only, and the 
resulting solution was diluted, boiled to eliminate excc^ss of bromine, 
added to the original filtrate, and precijiitated with hydrogen sulphide. 
The sulphide mixed with sulphur was filtered, ])laced in a jilatinuin 
crucible, co^ercd with water acidulated with a fe w droi)s of hydro- 
chloric acid, and elcx'trolysed, using a gold foil cathode*. To prevent 
solution of the j)latinum a very small current was used, so that two days 
were often required for com})letion. A mean of 2()()- 40 was found in 
four exj)erinients in which the value for the* atomic weight varied 
between 200-42 and 200 -50. 

In a second series of experiments, the chlorine left in the liquid 
when the mercury was removed was estimated gravimetrieally by silver 
chloride, after acidifying with nitric acid. The filtrate from the silver 
chloride was examined for any of the latter ke])t in solution by the 
action of any mercury salts that might still be present. The correction 
required proved to be very small. The mean of six experiments, 
giving values for the atomic weight varying from 200-59 to 200 -05, 
was 200-()15. 

In 1910, Easley estimated the mercury in mcTCuric chloride by 
electro-deposition. He used a mercury cathode and found its gain 
in weight. A correction had also to be made for the transference of 
a certain amount of platinum from the anode to the cathode. This 
was found to be exceedingly small, since, during the electrolysis of over 
125 grm. of mercuric chloride, the anode only lost 0-()()()15 grm. The 
mercury w^as washed and dried without being removed from the vessel 
in which it had been deposited. After some j)relimimiry experiments, 
a series of six gave values for the atomic weight varying between 200-58 
and 200-64, with a mean of 200-GI. 

Easley and Brann ^ confirmed this value by the analysis of mer- 
curic bromide. The latter was precipitated by sodium hydroxide and 
reduced by hydrazine hydrate or hydrogen peroxide. The bromine 
left in solution was then estimated as silver bromide. Eleven experi- 
ments gave values varying between 200-59 and 200*68, and the mean 
was 200*63. 

In 1913, Taylor and Hulett^ determined the atomic weight of mer- 
cury by reducing pure mercuric oxid^. It was heated with finely 
divided iron at 275°-300° for tw^o or three hours, and then at about 
600'' C. for twenty-four to thirty-six hours. During the last half-hour 
the protruding end of the tube containing the oxide was cooled in ice, 
and the globule of condensed mercury transferred to a porcelain crucible 

^ Easley, J. Amer, Chem, Soc., 1909, 31 , 1207. 

® Easley, ibid.f 1910, 32 , J117. 

*•* Easley and Brann, ibid.f 1912, 34 , 137. 

• Taylor and Hulett, J. Physical Ohem., 1913, 17 , 755. 
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and weighed. The mean percentage value of mercury in mercuric 
oxide’, derived from nine experiments, was 92*6053 ±0 0008, corre- 
sponding with an atomic weight of 200*37±0 025, somewhat lower 
than that found by Easley. 

Baker and Watson ^ determined the amount of mercuric bromide 
formed by the direct action of liquid bromine on mercury, and obtained 
as the mean of nine ex]:)eriments an atomic weight of 200*55 ±0*008. 

In 1928, lionigschmid, Birckcnbach, and Steinheil,^ in the course of 
an investigation of the isotopes of mercury, revised the estimation of 
the atomic weights. Carefully purified mer(;ury was converted into 
the chloride or bromide by heating in a quartz vessel in a current 
of dry halogen. Weighed quantities of the halides were reduced with 
halogen-free hydrazine and the resulting ammonium halide titrated 
nephelometrically with silver nitrate. Twelve determinations of the 
ratio IlgClg : 2Ag gave values varying between 1*258403 and 1*258583, 
or atomic weights 200*60-200*04, with a mean value of 200*61 ±0*006, 
and eight determinations of the ratio HgBrg : 2Ag, 1 *670522-1 *670591, 
or atomic weights 200*60-200*61, mean value 200*61 ±0*00. 

The International Committee on Atomic Weights for 1925 have 
adopted the value 

Hg=200-61. 

Isotopes of Mercury. — Aston has demonstrated the existence of 
several different isotopes of mercury. ^ The mass spectrum indicates a 
strong com})onent of atomic weiglit 202, a weak one of 204, and a strong 
band of atomic weights from 197 to 200 containing three or four more 
which are unrcsolvable at present. 

The actual separation of the isoto[)Cs has been attempted with at 
least partial success. By evaporation, and also by effusion, a separation 
into two fractions, with a density difference between them of 0*49 per 
cent., equivalent to a difference of atomic weight of 0*1 unit, has been 
effected.^ Mulliken found that a film of dirt on the surface of the 
mercury aided separation,® and devised a combined process of distilla- 
tion and molecular diffusion at low pressures through filter paper, which 
effected a ])reliminary separation equivalent to a difference of 0*102 
unit of atomic weight between extreme fractions of 22 c.c. of mercury. 
With a year of steady work a separation of 0*3 unit should be obtained 
by such a process.® On distillation at a low temperature in vacuo 
the extreme fractions gave atomic weights of 200*564 ±0*006 and 
200*632 ±0*007 respectively.’ 

The possibility of separation by centrifuging has been discussed.® 

Determinations of the density of mercury from minerals of different 
origin have not revealed any variations in excess of the experimental 
error.® 

^ Baker and Watson, Proc. Chem, Soc.y 1914, 30 , 243 ; Trans. Chem. Soc., 1914, 105 , 
2530. 

* Honigsehmid, Birckenbach, and Steinheil, Ber., 1923, 56 , [B], 1212 . 

® Aston, Phil, Mag., 1920, [ 6 ], 39 , 611 ; Trans. Chem. Soc., 1921, 119 , 677. 

* Bronsted and von Hevesy, Zeitsch. physikal. Chem., 1921, 99 , 189; Phil. Mag., 
1922, [ 6 ], 43 , 31 ; Nature, 1920, 106 , 144. See also Mulliken and Harldns, J. Amer. Chem. 
Soc., 1922, 44 , 37 ; Harkins and Madorsky, ibid,, 1923, 45 , 591 ; Nature, 1923, izz, 148. 

* Mulliken, J. Amer. Chem. Soc,, 1922, 44 , 2387. ® Mulliken, ibid., 1923, 45 , 1592. 

’ Hdnigsohmid and Birckenbach, Ber., 1923, 56 , [B], 1219. 

8 Poole, Phil. Mag., 1921, [6], 4Z, 818. 

8 Bronsted and von Hevesy, Nature, 1922, Z09, 780. 
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ALLOYS. 1 

Most metals are soluble in mercury to some extent, and they form 
liquid or solid alloys, or amalgams, according to the proportions of the 
two constituents and to the nature of the reaction between them. 
The principal methods of formation are 2 : (l) Direct solution of the 
metal in mercury ; (2 ) treatment of a salt of a metal with another 
amalgam which acts as a reducing agent; (3) electrolysis of a salt 
solution using a mercury (kathode; (4) electrolysis of a double salt of 
mercury and another metal using ])latinum electrodes. 

The molecular state ol' metals dissolved in mercury has been investi- 
gated by many different methods ^ : — 

1. Measurement of the electromotive force of amalgams of different 
concentrations.^* 

2. Measurement of electrical resistance or conductivity.*’’ 

3. Study of the electrolytic transport of metals througli amalgams. ^2 

4. Study of chemical equilibria between amalgam and corres])onding 
aqueous salt solution.^* 

5. Measurement of the mercury vapour pressure of amalgams.®’ 

6. Examination of the effect of dissolved metals on the freezing- 
point of mercury. 

7. Measurement of rise of boiling-point of mercury due to dissolved 
metal. 


^ vSack {Zeitsch. anorg, Chcm.y 1903, 35 , 249) gives a bibliography of metal alloys, 
inoluding amalgams. 

* 8 mith and Bennett, J. Amer. (Jhem, tSoc., 1900, 31 , 799. See also tiicsy and With- 
row, J. Ind. Eng. Chem.y 1923, 15 , 57. 

® 8 ee Kerp and Bottger, Zeitach. anorg. Chem., 1900, 25 , 1 ; Skaujiy, Zeitsch. Ekktro- 
chem.y 1922, 28 , 23. 

* Richards and Forbes, ZeAtsch. phytsikal. Chem.y 1907, 58 , 083. 

® Smith, ZeAtsch. anorg. Chem.y 1908, 58 , 381. 

* Beck, Eec. Trav. chini.y 1922, 41 , 353. 

’ Lindeck, Wied. AnnahUy 1888, 35 , 311 ; Meyer, ZeiUch. physikal. Chem.y 1891, 7» 
477 ; Richards and l-icwis, ihid.y 1899, 28 , 1 ; Haber, ihid.y 1902, 41 , 399 ; Richards and 
Wilson, ihid.y 1910, 72 , 129 ; Richards and (larrod-Thomas, ibid., 105 ; Cady, J. Physical 
Chem.y 1898, 2 , 551 ; Puschin, ZeAtsch. anorg. (Jhem.y 1903, 36 , 225 : Schoeller, Zeitsch. 
Ehktrochem.y 1898-99, 5 , 269 ; RcuUt, ihid.y 1902, 8 , 801 ; Spencer, ihid.y 1905, ii, 681 ; 
Sucheni, ihid.y 1906, 12 , 726; Richards and Daniels, Trans. Am\r. Electrochcm. aSoc., 
1912, 22 , 343; J. Anver. Chem. Eoc.y 1919, 41 , 1732; Hildebrand and Eastman, ihid.y 
1914, 36 , 2020 ; 1915, 37 , 2462. 

® Hildebrand, ihid.y 1913, 35 , 501 ; Trans. Amer. Ekctrochem. Soc.y 1912, 22 , 336. 

® Skaupy, Physikal. Zeits^.y 1920, 21 , 697. 

Skaupy, Zeitsch. Physiky 1920, 3 , 178. 

Weber, Wied. Annaleny 1887, 31 , 243; Willows, Phil. Mag.y 1899, | 6 J, 48 , 433; 
Lajsen, Ann. Physiky 1900, [ 4 ], i, 123 ; Skaupy, ZeAtsch. physikal, Chem.y 1907, 58 , 560; 
Vanstone, Trans. Faraday Soc.y 1914, 9 , 291 ; Trans. Chem. Poc.y 1914, 105 , 2617 ; Proc. 
Chem. Soc.y 1914, 30 , 241 ; Hine, J. Amer. Chem. Soc.y 1917, 39 , 882. 

Lewis, Adams, and Lanman, ihid.y 1915, 37 , 2656 ; Mayr, Nnovo Cim.y 1920, [ 6 ], 
19 , i, 116. 

Smith, Amer. Chem. J.y 1907, 37 , 506 ; 38 , 67 ; J. Amer. Chem,. Soc.y 1910, 32 , 602 ; 
1916, 37 , 76 ; i^ers, ihid.y 1908, 30 , 1584. 

Ramsay, Trans. Chem. Soc.y 1889, 55 , 521 ; Ogg, Zeitsch. physikal. Chejn.y 1898, 27 , 
301 ; Hildebrand, Foster, and Beebe, J. Amer. Chem. Soc.y 1920, 42 , 545 ; Sieverts and 
Oehme, Ber.y 1913, 46 , 1238. Puschin, Zeitsch. anorg. Chem.y 1903, 36 , 201. 

Richards and Daniels, Trans. Amer. Electrochem. Soc.y 1912, 22 , 343 ; J. Amer. 
Chem. Soc.y 1919, 41 , 1732. Beck, Rec. Trav. chim.y 1922, 41 , 367. 

Tammann, Zeitsch. physikal. Chem.y 1889, 3 , 441 ; Heyoock and Neville, Trans, 
Chem. Soc.y 1890, 57 , 376. 

Beckmann and Liesche, Zeitsch. arvorg. Chem.y 1914, 89 , 171. 
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8. Determination of density or specific volume.^’ 

9. Measurement of rate of diffusion of metals into mercury.®’ 

1 0. Measurement of the heat of formation of amalgams ® and heat 
of dilution.^’ 

n. Microscopical study of solid amalgams.^® 

12 . Measurement of the specific heat of amalgams. 

Battelli has shown that the thermoelectric behaviour of mercury 
and of liquid amalgams is the same as for other metals, whereas that of 
solid amalgams is irregular. 

Tlu? results of the above investigations seem to indicate that, in the 
more dilute li(|uid amalgams, the metals are monatomic and obey the 
laws of ideal gases. Deviations are probably due to association, as, 
for exam])lc, in the case of lead, bismuth, cadmium, zinc, and tin, or 
to hydrargyrate formation, as with alkali and alkaline earth metals.®’ 
Solid amalgams may consist of either solid solutions or of delinite 
chemical (‘ompounds.®’ n. is, i6 

Amalgams with the following metals have bc’cn described : - 
Lithium^’^^ 1®’ LiHg, LiHgg, Lillg,j, Lillgg. 

21 ’ 22 , 23, 24 — ^ large number of different compounds of 

^ Richards and Daniels, hr. cit. 

2 Richards and Forbes, Zeitsch. physikal, Chem.y 1907, 58 , 083. 

Schumann, Wird. AtmaUn^ 1891, 43 , 101. 

* Mat‘y, Zeitsch. physikal. Chrm., 1899, 29 , 119. 

^ Rieliards and Wilson, ibid., 1910, 72 , 129 ; Richards and Darrod-Thonias, ibid., 105 ; 
RachmetjefT, J. Hms. Phys. Chem. Soc., (893, 25 , i, 219. 

Smith, Ann. Physik, 1908, [4], 25 , 252. 

’ Smith, Zf.ilsch. anorg. Chem., 1914, 88 , 101; J. Anwr. Chrni. Sor., 1914, 36 , 859; 
von Wogau, Ann. Pht/sik, 1907, |4), 23 , 345; Hiimjdireys, Trans. Chem. Sac., 1890, 69 , 
243, 1079 ; Meyer, Wied. Anna ten, 1897, 61 , 225. 

” Richards and Lewis, Zcilsch. physiknl. C/tern., 1899, 28 , 1 ; Littleton, Chem. News, 
1890, 74 , 289. 

® Rerthelot, Ann. ('him. Phys., 1879, [5], 18 , 433, 442 ; Richards and Daniels, J. Amer. 
Chem. Sor., 1919, 41 , 1732. Piischin, Zeitsch. anory. Chem., 1903, 36 , 241. 

Schuz, Wied. Annalen, 1892, 46 , 177. Rattclli, Jahresber., 1887, 293. 

Schoeller, Zeitsch. Elcktrochem ., 1898-99, 5 , 259 ; Haber and Sack, ibid., 1902, 8 , 
215 : Skanpy, ibid., 1922, 28 , 23 ; Smith, Amer. (Jhe.m. J., 1900, 36 , 124 ; 1907, 37 , 500 ; 
38 , 071 ; Hildebrand, J. Anm. CAiem. Hoc.., 1913, 35 , 501. 

Puschin, he. cit., 201. Reck, Ree. Trav. chim., 1922, 41 , 307. 

Kraut and Popp, Annalen, 1871, 159 , 188; Kurnakolf, Zeitsch. anorg. Chem., 1900, 
23 , 439 ; Kerp, ibid., 1898, 17 , 284 ; Kerp and Rottger, ibid., 1900, 25 , 1 ; Weber, Phil. 
Mag., 1899, [5], 48 , 433. Maey, Zeitsch. physikal. Chem., 1899, 29 , 119. 

Smith and Bennett, J. Aimr. Chem. Hoc., iOlO, 32 , 022. 

Smith, Afn^er. Chem. J., 1907, 37 , 506. 

Ramsay, Trans. Chem. Hoc., 1889, 55 , 530 ; Huntz and Force, Pull. Hoc. chim., 1896, 
(3J, 15 , 834; Kerp and Rottger, Zeitsch. anorg. Chem., 1900, 25 , 10; Smith, ibid., 1912, 
74 , 172; Schukowsky, ibid., 1911, 71 , 403; J. Russ. Phys. Chem. Hoc., 1911, 43 , 708; 
Richards and Garrod-Thomas, Zeitsch. physikal. Chem,., 1910, 72 , 165. 

Kraut and Popp, Annalen, 1871, 159 , 188 ; dc Souza, Ber., 1876, 9 , 1050 ; Rerthelot, 
Ann. (Jhim. Phys., 1879, [5], 18 , 433, 442; Maey, Zeitsch. physikal. Chem., 1901, 38 , 
292 ; Kurnakolf, J. Ru,ss. Phys. Chem. Hoc., 1899, 31 , 927 ; Kerp, Zeitsch. anorg. Chem., 
1898, 17 , 284 ; Tammann, ibid., 1903, 37 , ,303 ; Beckmann and Liesche, ibid., 1914, 89 , 
171 ; Ountz and F 6 ree, Compt. rend., 1900, 131 , 182 ; Reuter, Zeitsch. Elektrochem., 1902, 
8 , 801 ; Bain and Withrow, J. Physical Chem., 1921, 25 , 535 ; Giesy and Withrow, J. Ind. 
Eng. Chem., 1923, 15 , 57. Smith and Bennett, J. Amer. Chem-. Hoc., 1909, 31 , 799. 

23 Smith, Amer. Chem. J., 1907, 38 , 671. 

2 * Draper, Chem. News, 1876, 33 , 94; Schumann, Wied. Annalen, 1891, 43 , 110; 
Kurnakoff, Zeitsch. anorg. Chem., 1900, . 23 , 439; Kerp and Bottger, ibid., 1900, 25 , 7 ; 
Sack, ibid., 1903, 34 , 337 ; Kettembeil, ibid., 1904, 38 , 226; Scholler, ibid., 1904, 40 , 
385 ; Haber and Sack, Zeitsch. Elektrochem., 1902, 8 , 250 ; Shepherd, J. Physical Chem., 
1903, 7 , 29 ; Richards and Conant, J. Amer. Chem. Hoc., 1922, 44 , 601 ; Vanstone, Trans, 
Faraday Hoc., 1911, 7 , 42 ; Wurschmidt, Ber, Deut, physikal. Ges., 1912, 14 , 1066. 
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sodium and mercury, for the most part of delinite crystalline form, 
have been mentioned, namely, NagHg, NagHgg, NagHgg, Nall^, 
Na7Hg8> NaII|[r^, Nallg^, NaH^^^, and there are also liquid 

amalgams eonsistinp^ of solutions of these compounds in mercury. 
Sodium amal^^am may also be obtained in a floceulent, })ulverisable 
form by pouring the hot liquid amalgam into xylene or petroleum which 
is mechanically agitated.^ The alkali metal amalgams are more stable in 
air and less readily attacked by water than the alkali mc'tals themselves. 

A ternary sodium-lead amalgam has been studied.^ The presence 
of sodium apj^arently incn^ascs the facility with which mercury amal- 
gamates with other metals.’* 

Kllg^s* KIIgi 4 , KIIgi 2 i Kllg^, Kllgi^, 
KITgQ, Kllgg, KHg 5 . KgHgj,, Kllg^, KHga, Kllg^, Kllg, KgHg. 

Rbiigg, Rbllgia, and j)ossibly Rbllg^^, where 

n lies between 6 and 1 4. 

Csllg2, CsIIg,, Csllg,, CsHgia, CsIIgi-j, and possibly 
Csllg„, eomparable with RbHg„. 

Calcmm,^^' a4, is, i7, is, i 9 (la^Ilg^, Caligs, Callg^. 

Srllg^j, SrHgja. Srllg^-j, SrHgi 4 . 
Barium, is, is, 20, 21, 23 Ballgig, BaMg^,, Rallgie. 

Beryllium. — Amalgam formed but rapidly oxidised. 

Magnesium,^^^ 1^’ i«’ 21 Mgligg, MgJIg^, Mgligg, Mgllg, Mg 3 llg 2 , Mggllg, 

* Hirs(?hf(4der and Hart, J. Ind. Emj. Chem.^ ]920, 12 , 499. 

^ ({rebel, Zieitsch. ammj. Chem-., 1919, 106 , 209. 

'* ('ailletei, (knnpi. rend., IS(i7, 64 , 857; Silliman, Cheni. iVr?e.v, 1800, 14 , 170; Bull. 
Boc. chim., 1807, 12|, 7 , 91 ; JNiekles, J. Plmruh, (Jhim., 1800, |4], 4 , IlllO ; Smith and 
Bennett, J. A iner, Ohein. Sov., 1910, 32 , 02 (i. ^ Ma(*y,Zr?7,s't7<. physikaL ( Uwni. , 1 899, 29 , 1 1 9. 
Smith and Bennett, ./. A wer. Che.m. Boc., 1910, 32 , 022. 

® Smith, Amer. Chem. J., 1907, 37 , 500. ’ Boc. cii., not(‘ 21, p. 210. 

® Smith c'ind Bennett, J. Amcr. Che.m. Boc., 1909, 31 , 799. 

» Smith, Amer. Chem. J., 1907, 38 , 671. 

Davy, Phil. Trans., 1808, 17; (Vooekewit, Annalen, 1848, 68 , 291; Merz and 
Weith, Ber.y 1881, 14 , 1438; Sehiimauri, Wied. xXmuilen, 1891, [2], 43 , 107; .lanecke, 
Zeitsch. physikal. Chem., 1907, 58 , 245 ; Krank and Withrv)w, ./. A^ner. Chem. Boc., 1920 , 42 , 
071 ; Smith and W'ithrow, ibid.. 1907, 29 , 321. 

Kurnakoll and Schiikowsky, J. Russ. Phys. Chem.. Boc.. 1900, 38 , 1210; Zeitsch. 
anorg. Chem.., 1900, 52 , 410. " Kerp and Bottger, ibid.. 1900, 25 , 29. 

13 Davy, Phil. Trans., 1808, 333. Smith, Amer. Chem. J., 1907, 37 , 500. 

Klauer, Annalen, 1834, 10 , 89. 1 ® Ramsay, Trans. Chem. Boc.. 1889, 55 , 530. 

1’ Frank and Withrow, J. Amer. Chem. Boc., 1920, 42 , 071. 

1 ® Smith and Bennett, ibid., 1909, 31 , 799. 

Maqnenne, Ball. Boc. rhim., 1892, [3j, 7» •^'^3 ; Feree, Coynpt. re.nd., 1898, 127 , 018 ; 
Moissan and Chavanne, ibid., 1905, 140 , 125; Moissan, Ann. Chim. Phys., 1899, [7], 18 , 
300 ; Schiirger, Zeitsch. anorg. Chem., 1900, 25 , 425 ; Bain and Withrow, J. Physical Chem., 
1921, 25 , 535 ; Ncuhausen, J. Amer. Chem. Boc., 1922, 44 , 1445. 

Bottger, J. prakt. Chem.. 1834, [ 1 ], i, 302. 

Smith and Bennett, J. Am,er. Chem. Boc., 1910, 32 , 022. 

Maquenne, Bull. Boc. chim.., 1892, [3], 7» J Cuntz and Fm;e, ibid., 1897, {3], 
17 , 390 ; Kerp, Zeitsch. anorg. Chem., 1898, 17 , 284 ; Kerp and Bottger, ibid., 1900, 25 , 
35 ; Guntz, Compt. rend., 1902, 134 , 838. 

*3 Crookes, Chem. News, 1802, 6 , 194; Sehuniann, Wied. Annalen, 1891, 43 , 103; 
Maquenne, Bull. Boc. chim., 1892, [3], 7» 306 ; Guntz and Feree, ibid., 1896, [3], IS» 934 ; 
Kerp, Zeitsch. anorg. Chem., 1898, 17 , 303 ; Kerp and Bottger, ibid., 1900, 25 , 44 ; Guntz, 
Compt. rend., 1901, 133 , 872 ; Ann. Chim. Phys., 1905, [ 8 ], 4 , 5 ; Fernekes, J. Physical 
Chem., 1904, 8 , 566 ; Smith, ibid., 1905, 9 , 13. 

Wanklyn and (-hapman, J. Chew,. Boc., 1866, 19 , 141 ; Schumann, Wied. Annalen, 
1891, 43 , 109 ; Bachmetjeff and Wsharoff, J. Russ. Phys. Chem. Boc., 1893* 25 , i, 115 ; 
Willows, Phil. Mag., 1899, 1.5], 48 , 433 ; Kerp and Bottger, Zeitsch. anmg. Chem., 1900, 
2 $, 33 ; le Bon, Compt. rend., 1900, 131 , 706 ; Beck, Rec. Trav. chim., 1922, 41 , 353 ; Loomis, 
J. Amer. Chem. Boc., 1922, 44 , 8 . 
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MgiQlIg. Magnesium amalgam is more effective than the zinc-copper 
couple as a reducing agent for organic substances.^ 
ii^zn, Hg^Zna, HgZn^, IlgZn^. 

Cadmium,^* Cdllg, Cdligg, CdgHg^, Cd 2 Hg 7 , and two 

scries of mixed crystals. For the concentrations between 1 part of 
cadmium to 100 of mercury, and 1 part of cadmium to 1 , 000,000 of 
mercury, the potentials of any two amalgams obey NernsUs equation 
for concentration electrodes.® Cadmium amalgam is employed as one 
of the electrodes in the Weston standard cell, but it is necessary to ob- 
serve certain limits as to the concentrations employed. All difficulties 
may be avoided by the use of a 12-13 per cent, anmlgam.^® 

There is a double amalgam of cadmium and tin which can be used 
in dentistry. 

Alunviniwn,^^ Algllg.^. — Amalgamation results in rajud oxidation of 
aluminium.^’ The aluminium-mercury cou])]e is much used in 
organic reactions as a reducing or condensing agent, or as a halogen 
carrier.i^’ Miiller and Holzl have cojnpared the electromotive behaviour 
of pure and amalgamated aluminium.^’ 

^ Meimier, Compt, rend,, 1902, 134 , 472. 8 ee alsf) Fleck and Bassett, J. Amvr. Chem. 
Soc., 1895, 17 , 789 ; Evans and Fetsch, ibid,., 1904, 26 , 1158 ; Evans and Fry, ibid., 1161. 

* Bottger, J. praH. Chem., 1834, [1], 3 , 278; Croockewit, Anjialen, 1848, 68 , 291 ; 
Gaugain, Compt. rend., 1856, 42 , 430; Meyer, Wied. Annalen, 1897, 61 , 225; Willows, 
Phil. Mag., 1899, [5j, 48 , 433; Richards and Ijcwis, Zeitsch. physikal. Chem., 1899, 28 , 
1 ; Coehn, ibid., 1901, 38 , 612 ; Macy, ibid., 1905, $ 0 , 211 ; Richards and Garrod-Thomas, 
ibid., 1910, 72 , 165 ; Piischin, J. Husft. Phys. Chem.. Soc., 1902, 34 , 856 ; Zeitsch. anorg. Chem., 
1903, 36 , 201 ; Merz and W(Rh, Bcr., 1881, 14 , 1438 ; Wiirschmidt, Ikr. Dent, physikal. 
Ges., 1912, 14 , 1065. 

* Rothmund, Zeitsch. physikal. Chem., 1894, 15 , 20; Puschin, Chem. Zeit., 1900, 24 , 

950. * Ramsay, Trans. Chem. Soc., 1889, 55 , 531. 

® Hildebrand, J. Atner. Chem. Soc., 1913, 35 , 501. 

® Puschin, J. Russ. Phys. Chem. Soc., 1900, 32 , i, 635. 

’ Bamour, Ann. Mines, 1839, [3], 15 , 46; Regnauld, Compt. rend,., 1860, 51 , 779 ; 
1861, 52 , 533 ; Matthiessen and Vogt, Pogg. Anrmlen, 1862, 116 , 369 ; (Calvert and John- 
son, Phil. Mag., 1859, [4], 18 , 354 ; Jahresber., 1864, 170 ; Joule, J. Chem,. Soc., 1863, l 6 , 
378 ; Lippmann, J. Physique, 1884, [ 2 ], 3 , 388 ; Haga, Wied. Annalen, 1882, 17 , 897 ; 
Robb, ibid., 1883, 20 , 798 ; Schumann, ibid., 1891, 43 , 112 ; Schiiz, ibid., 1892, 46 , 177 ; 
Richards and Forbes, Zeitsch. physikal. Chem., 1907, 58 , 683 ; Kerp and Bottger, Zeitsch. 
anarg. Chem., 1900, 25 , 54 ; Hildebrand, Trans. Amer. Electrochem. Soc., 1912, 22 , 319. 

® Kopp, A7ina,le7i,, 1841, 40 , 186; Regnauld, Co7npt. rend., 1860, 51 , 778; Wood, 
Chem. Ncijus, 1862, 6 , 135 ; Mazzotto, Beibl. Wied. Annalen, 1885, 9 , 664 ; Zeitsch. physikal. 
Chernh., 1894, 13 , 57i ; Robb, Wied. An7iale7i, 1883, 20 , 798 ; Schumann, ibid., 1891, 43 , 
105, 115 ; Weber, ibid., 1887, 31 , 243 ; Jaeger, ibid., 1898, 65 , 106 ; Bijl and Roozeboom, 
Beibl. Wied. Annalen, 1901, 25 , 777 ; Kerp and Bottger, Zeitsch. anorg. Chem., 1900, 25 , 
59 ; Bachmetjeff, ,/, Rtiss. Phys. Chem. Soc., 1894, 26 , i, 265 ; Hildebrand, Foster, and 
Beebe, J. Amer. Chem. Soc., 1920, 42 , 545. 

* Hulett and Be Lury, ibid., 1908, 30 , 1805. 

Jaeger, Zeitsch. physikal. Che7n., 1903, 42 , 632 ; Bijl, ibid., 1902, 41 , 641 ; but see 
Cohen, ibid., 1900, 34 , 621. Warrentrapp, Annalen, 1850, 73 , 256. 

Klaucr, Annalen, 1834, lo, 89 ; Oailletet, Compt. rend., 1857, 44 , 1250 ; Tissier, ibid., 
1859, 49 , 54 ; 1860, 51 , 833 ; Schonbein, Pogg. Annalen, 1861, I 12 , 448; Bailie and Fery, 
Ann. Ghim. Phys., 1889, [ 6 ], 17 , 246 ; Schumann, Wied. Annalen, 1891, 43 , 102. 

Jehn and Hinze, Ber., 1874, 7 , 1498; Henze, ibid., 1878, ii, 677; Krouchkoll, 
J. Physique, 1884, [2], 3 , 139 ; Biemacki, Wied. Annalen, 1896, 59 , 664 ; le Bon, Compt. 
rend., 1^0, 131 , 706 ; Ronceray, Chem. Zenlr., 1918, ii, 699 ; Casamajor, Chem. News, 
1876, 34 , 36. 

Wislicenus and Kaufmann, Ber., 1895, 28 , 1323 ; Kaufmann, ibid., 1983 ; Cohen and 
Ormandy, ibid., 1505; Wislicenus, ibid., 1896, 29 , 494; J. prakt. Chem., 1896, [2], 54 , 
40 ; Konowaloff, J. Chem. Soc., 1897, 72 , Abe. ii, 374. 

Hirst and Cohen, Trans. Chem. Soc,, 1895, 67 , 826 ; Cohen and Skirrow, ibid., 1899, 
75 , 887. Cohen and Bakin, ibid., 1899, 75 , 893 ; 1901, 79 , 1111 ; 1902, 8 t, 1324. 

Muller and Hoizl, Zeitsch. anorg. Chein., 1922, X 2 i, 103. 



219 


MERCURY AND ITS COMPOUNDS. 

Indium, Hgjn. — Simpler compounds arc found in the more 
concentrated amalgams. 

Gallium ® readily dissolv^cs in mercury, forming an amalgam 
which does not tarnish. 

IlgTl, Ilg^Tl^, HgioTI^, Hgjl. 

Hgf 'U, HgCui4, rtgCuig. — Colloidal copper amal- 
gam, which forms a colloidal solution with water, has been obtained. 

Silver , — Silver amalgam occurs naturally as the minerals arguerite, 
AgHga, and amolgam, Ag3Hg4, both crystallising in the regular system 
but of variable composition.^^ Sjogren examined two samples of 
amalgam from Sala and assigned the formuhe Aggligg and Aggllgg. 
According to Jones, two series of silver amalgams may be obtained, 
Agllg, AgHgg, AgIIg7, Agllgis, Agllgai, Agliggg, and so on, and also 
AggHg, Aglig2, Agligs, AgHgii, AgHg23, etc. Others that have been 
described are : Agigllg, AgnHg, Ag4llg, Aggllg, Aggllgg, Ag.jllg4, 
Ag^Hga, Ag2Hg4, Ag2lIgH.^’ 

AujJJg, AuJIg, Augllg, Augllg, Am^IIgg, 

Aullgg. Gold amalgam is of importance in tlu? gold industry. Solutions 

of gold in mercury have been used for a lojig time for gilding purposes, 
probably by the Phcjenicians, and were descrii)ed by Vitruvius in 85 b.c. 
Colloidal gold amalgam has been prepared.^^ 

^ Hildebrand, J, Amcr. Vhem. Soc., 1913, 35 , 501. 

® Richards and Wilson, Zeitsch. 2 fhysikal. Chem., 1910, 72 , li^9. 

^ Ramsay, Tran,s\ Uhem. Soc., 1889, 55 » 531. 

* Rothmund, Zeitsck, jAiy^nkcil. (’hem., 1894, I5» 20; Puschin, (Jlum. Zeit.^ 1900, 

24 , 950. ^ Puschin, J. Runs. Phys, Cheni. Sue., 1900, 32 , i, 635. 

* Niekles, J. Pharm. Chim.., 1866, [4], 4 , 127 ; (Jarstanjen, J. prakt. Chem., 1807 [J], 
102 , 65; Regnaiild, ConipL rend., 1867, 64 , 611; Tammami, Zeitsch. phydkal. Chevi., 
1889, 3 , 443; Kurnakoff and Puschin, Zeitsvh. aiiorg. Chem., 1902, 30 , 86 ; Hildebrand 
and Eastman, ./. Arner. Chem. Soc., loio, 37 , 245 ; Richards and l^anicls, ibid., 1919, 41 , 
1732 ; Richards and Smyth, ibid., 1922, 44 , 524. 

’ Bottger, J. jyraM. Chem., 1834, [Ij, 3 , 278. ^ Joule, J. Chem. Roc., 1863, i 6 , 378. 

® Ramsay, Tram. Chem. Roc., 1889, 55 , 532. 

Horsford, Amer. J. Rci., 1852, [2], 13 , 305. 

dc Souza, Her., 1876, 9 , 1050 ; Merz and Weith, ibid., 1881, 14 , 1438. 

Konig, ./. prakt. Chem., 1857, [1], 70 , 64; Klam^r, Annalen, 1834, lo, 89; Petten. 
kofer, Dingl. 2 ?o//y. J., 1848, 109 , 444; Jahresber., 1847-48, 1036; Cersheim, ibid., 1857, 
620; Niekles, Comjd. rend., 1853, 36 , 154; Bcequerel, ibid., 1863, 56 , 237 ; Schumann, 
Wied. Annalen, 1891, 43 , 108, 119; Rothmund, ZeiUch. physikal. Chem., 1894, 15 , 19; 
Cochn, ibid., 1901, 38 , 609 ; Richards and (larrod -Thomas, ibid., 1910, 72 , 165 ; Puschin, 
Zeitsch. anorg. Chem., 1903, 36 , 225. 

Paal and Steyer, Kolloid- Zeitsch., 1922, 30 , 215. 

Domeyko, Gompt. rend., 1842, 14 , 566 ; Sjogren, Zeitsch. Kryst. JMin., 1900, 32 , 611 ; 
1902, 36 , 192. Jones, Trans. Chem. Roc., 1910, 97 , 336. 

Croockewit, Annalen, 1848, 68 , 289. ” (loiiy, J. Physique, 1895, [3], 4 , 320. 

Hildebrand and Eastman, J. Amer. Chem. Roc., 1914, 36 , 2020. 

Matthiessen and Vogt, Pogg. Annalen, 1862, 116 , 369; Dumas, Compt. rend., 1869, 
69 , 759; Berthelot, ibid., 1901, 132 , 241, 290; Ann. Chim. Phys., 1901, [7], 22 , 317, 
320 ; de Souza, Ber., 1875, 8 , 1616 ; Littleton, Trans. Chem. Roc., 1895, 67 , 239 ; Proc. 
Chem. Roc., 1896, I 2 , 220 ; Chem. News, 1896, 71 , 98 ; 1896, 74 , 289 ; Schumann, Wied. 
Annalen, 1891, 43 , 112 ; Ogg, Zeitsch. physikal. Chem., 1898, 27 , 30 ; Coehn, ibid., 1901, 
38 , 615 ; Maey, ibid., 1906, 50 , 209 ; Reinders, ibid., 1906, 54 , 609 ; Parravano and 
Jovanovich, Oazzetta, 1919, 49 , i, 6 ; Atti B. Accad. Lined, 1918, [5], 27 , ii, 411 ; Mtiller 
and Honig, Zeitsch. arwrg. Chem., 1922, 121 , 344. Skey, Chem. News, 1870, 22 , 282. 

Henry, Phil. Mag., 1866, [4], 9 , 458; Sonnenschein, Zeitsch. geol. Ges., 1864, 6 , 
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Platinum ,^' — Platinum black dissolves in ^^cntly heated 
mercury, but compact platinum is very dilHcult to amalgamate.^ The 
presence of sodium appears to be necessary.'^ It may also be produced 
el ect roly t i cal ly . ® 

-This amalgam wets glass. 

Iridiiinu'^^ 


Palladium ,^' ^ — Palladium is not verv soluble in mercury. ^ 

Tinn. 12 , 13, 14, 15 llg^Sn, IlgSn, Hg 3 Sn 5 , IlgSii.,, IlgSrig, IlgSn^, 

IlgSn^, HgSii;. -The amalgam for mirrors has approximately the 
eoin position IIg 2 Sn 17 . 

Lc«d,li»12,14,17,18 ll^r.Pba, llgePb^. Hg 2 Pb, lJg 3 Pb 2 , HgPb, HgPb 2 , 
IlgPbg.- -Hydrogen peroxide is formed by the action of lead amalgam 
on acidulated water in the presence of oxj^gen.^^ The electrical resist- 
ance of lead amalgam has been studied at low temperatures. Ternary 
lead amalgams with antimony, bismuth, and tin^^ have been pre- 
])arcd, and also a quaternary amalgam of low melting-point, about 
77^ C., with bismuth and tin.^^ 


^ iJottgor, loc. cil. 2 Ramsay, Trana. Chem. iVoc., 1889, 55 , 532'. 

® Horsford, kjc. cit. * Skey, loc. cit. ^ Oasamajor, Chem. News^ 1870, 34 , 30. 
® Cailletet, (hmjd. rend., 1807, 44 , 1250; Krouchkoll, J. Physique, 1884, [3], 3 , 139; 
Sclmmann, Wied. Annaleyi, 1891, 43 , 121 ; Tariigi, Gazzettn, 1890, 26 , i, 425. 

’ Vic-kers, M etuis and their Alhys (Crosby, Lockwood & Son), 1923, p. 56. See also 
Schumann, Wied. Annalen, 1891, 43 , 111 . ® Joule, loc. cit. 
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Horsford, Arne.r. J. Sci., 1852, [2], 13 , 305; Matthiessen, Poqg. Annalen, I860, IIO, 
21 ; Joule, J. Chem. Soc., 1803, i 6 , 378 ; Schuz, Wied. AyinaUn, 1892, 46 , 177 ; Mazzottf), 
lleibl. Wied. Anraden, 1885, 9 , 604; Zeiisch. physikal. Chem., 1894, 13 , 571, 572 ; VViir- 
schmidi, Per. Dent, physikal. Ges., 1912, 14 , 1065 ; Hildebrand, Foster, and Beebe, J. 
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1897, 61 , 225; Fay and North, Amer. Chem. J., 1901, 25 , 216; Rothmund, Zeitsch, 
physikal. Chem., 1894, 15 , 16 ; Maey, ibid., 1901, 38 , 292 ; Richards and Garrod-Thomas, 
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Bisw?7////,^’2.3.4.5 HgBi, 

Antimony dissolves IVeely in boiling inereiiry.^ A solid anialgaju 
has been obtained.® 

- There are both liquid and solid amalgams, two 
of the latter being of composition corresponding with the formula' 
llggFc and Hg^Feg, and all of them are magnetic. Amalgamation does 
not take place directly, but is generally brought about by the reduction 
of a salt of one metal in the presence of the* other. An amalgam may^ 
also be prepared eleetrolytieally,!^ but it is \ery dilute.**^ 

CobalU’^^^' Hgi(j(x>3. - The amalgam is magnetic. 

— Magnetic amalgams of indefinite eom])osi- 

tion are formed. 

A pasty product and also a crystalline one 

have been obtained. MiigUgs, prej)ared ek'etrolytically, is a good re- 
ducing agent. 

ChmmiumJ’^’ Hg3Cr, IlgCr. 

J \1 olybdenum,^^ MoIIgg, MoIIgg, MoITg^. 

-Licpiid and solid amalgams, which react readily with 
water, are formed. 

Uranium^^ forms a readily oxidisable amalgam which, on distilla- 
tion, leaves pyrophoric uranium. 

A good account of the ainalgams and their uses is given by Vic*kers.“^ 

Ammonium Amalgam. - The nature of th(^ product obtained l)y 
electrolysing a solution of ammonia or an ammonium salt, using a 


^ Loc. cit, note 12 , p. 220 . 

^ JjOc. cit , note 13, p. 220 . 
d(^ vSoiiza, he. cit. 

* Ramsay, Trans. Chem. Soc.^ 1889, 55 , .532. 

^ Sernllas, Ann. Chim. Pliys.^ 1827, [ 2 ], 34 , 19o ; Seliurnaim, Wivd. Anvnltn^ 1891, 43 , 
112 ; Bachmetjeff and Wsliaroff, Ihiss. Phys. Chem. Soc., 1893, 25 , i, 115 ; Rothmund, 
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1914, 36 , 2020. 
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® Regnauld, Compt. rend., 1801, 52 , 533. 
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mercury cathode, ® or by acting on an ammonium salt with an 
amalgam of the alkali or alkaline earth metals, 2* ® has been the 

subject of much controversy. Ammonium amalgam, as it is called, 
may be prepared as follows : Sodium amalgam, containing a quantity 
of sodium equivalent to the concentration of ammonium amalgam 
required, is cooled in a flask with a long narrow neck to a temperature 
just above freezing-point. Anhydrous ammonia is then condensed in 
the flask and excess of ammonium iodide added to it. The mixture is 
shaken from time to time whilst a low temperature is maintained. 
After about an hour the ammonia is allowed to evaporate and the 
liquid amalgam filtered several times through an ordinary folded filter 
paper with a hole jiierccd in the bottom. 2- ’ At ordinary tempera- 
tures it forms a spongy mass of the consistency of butter, and is very 
unstable, giving off hydrogen and ammonia in equal volumes, after 
expanding to approximately thirty times the volume which it occupies 
at about — 60 ° C.^ 

It ap})ears necessary to have a certain concentration of ammonium 
ions before the amalgam can be formed, because it is not obtained under 
conditions where ionisation is only small — for example, in solution in 
alcohol.® 

Davy compared ammonium amalgam with the amalgams of the 
alkali metals and considered that they are closely analogous, and that 
the radicle NII4 behaves as a metal.® Berzelius was also of the same 
opinion. Gay-Lussac and Thenard, on the other hand, concluded that 
it is merely a mixture of mercury, ammonia, and hydrogen.® Seely 
also regarded it as a foam resulting from a mechanical mixture of the 
same constituents.® Landolt tried, but without . success, to reduce 
salts in aqueous solution to the metallic state by means of ammonium 
amalgam, as can be done with the alkali amalgams. He therefore 
concluded that the radicle NII4 has no existence in the product. 
Coehii showed, however, that Landolt ’s failure was due to the employ- 
ment of too high a temperature, and that, at 0° C., co})per, cadmium, 
and zinc may be })rccipitated. It was found later that barium, j^otass- 
ium, and sodium may also be replaced.^® 

Meanwhile, evidence of a fairly convincing nature in support of the 
amalgam theory had been produced as a result of electrolytic measure- 
ments. Le Blanc electrolysed a solution of an ammonium salt with 

^ Seobeck, Ann. Chim.t 1808, [ 1 ], 66 , 191 ; Davy, Phil. Tram., 1808, 353 ; Berzelius 
and Pontin, Gilbert'n Annalen, 1810, 36 , 260; Le Blanc, Zeitsch. physikal. Chem.y 1890, 
5 , 467 ; Coehn, Zeitsch. Elektrochem.y 1902, 8 , 591 ; Schroeder, J. jrrakt. Chem., 1908, [2], 
77 , 271 ; Bain and Withrow, J. Physical Chem.y 1921, 25 , 643. 

* Moissan, Compt. rend.y 1907, 144 , 790. 

“ Gay-Lussac and Th 6 nard, Ann. Chim.y 1810, [1], 73 , 197. 

* Moissan, Compt. rend.y 1901, 133 , 803. 

® Bdttger, J. prakt. Chem.y 1834, [1], 1 , 302 ; 3 , 285. See also Weyl, Jahresber., 1864, 
165. « Bavy, Phil. Trans.y 1810, 55. 

’ Rich and Travers, Proc. Chem. Soc.y 1906, 22 , 136 ; Trans. Chem. Soc.y 1906, 89 , 872. 

* Proude and Wood, Proc. Chew.. Soc.y 1895, ii, 236 ; Chem. NewSy 1896, 73 , 54. 

® Seely, Chem. News, 1870, 21 , 265. See also Wetherill, Amer. J. Set., 1866, [ 2 ], 40 , 
160 ; Pfoil and Lippmann, ibid., 1866, [2], 42 , 72 ; but see, on the contrary, Gallatin, Phil. 
Mag., 1869, [4], 38 , 57 ; Routledge, Chem. News, 1872, 21 , 210. 

Landolt, Annakn Suppl., 1868, 6 , 346. 

But see Gunning, Ber., 1870, 3 , ik 
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Smith, J. Amer. Chem. 80 c., 1907, 29 , 844. 

Le Blanc, Zeitsch. pkysikal. Chem., 1890, 5 , 467. 
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a mercury cathode arid measured, at the same time, the polarisation 
potential. It rose in a few minutes to a maximum nearly as ^^reat as 
in the case of a sodium salt. After the current had been cut off, the 
mercury cathode, which showed the inflation characteristic of ammonium 
amalgam, was still strongly electro-negative to the solution, and remained 
so for ten to twenty minutes. This could not be due to hydrogen, 
because the hydrogen polarisation potential was found to be much 
smaller, and fell off almost as soon as the current was interrupted.^ 

Determinations of the freezing-]>oint lowering ibr different amounts 
of “ammonium” in the amalgam have been made,^ and they are of 
the same order as those found for potassium and sodium amalgams.^ 
Rich and Travers ^ inter})ret(Hi their results as indicating that am- 
monium, NH 4 , is present in the free state in solution.^ Smith,^ 
however, maintained that work on the free ammonium radicle shows 
this to be impossible, and that the existence of a compound NH^IIg^, 
comparable with the comj)oimds between the alkali metals and mercury, 
must be assumed. 

A sodium ammonium amalgam,® a copper ammonium amalgam,’ 
and a magnesium ammonium anialgarn ® have be(m described, but 
Michaud ® showed that, in general, the ])r(‘sence of another metal 
decreases the stability, magnesium being an exception in that it 
apparently produces no effect. In the presen(!c of ])Iatinum, on the 
other hand, it is (piite impossible to prepare ammonium amalgam. 

The view that a true amalgam is formed may be considered to 
receive additional su})port from the behaviour of substituted ammonium 
compounds, some of which also form amalgams, in certain cases of 
considerable stability. The most stable of them, tetraniethyl am- 
monium amalgam, may be prepared by electrolysing the chloride, dis- 
solved in absolute alcohol, at —84° C., using a mercury cathode. The 
semi -solid amalgam is then washed with ice-cold carbon tetrachloride 
and filtered from excess of mercury through wood fibre. A solid, 
crystalline, metallic mass remains. Large crystals may l)e isolated, and 
these, in cold, dry weathcT, will remain unchanged in air for several 
minutes, after whi(?h they become coated with an alkaline crust due to 
oxidation. Tetraniethyl ammonium amalgam is lighter than mercury 
and has a greater electrical resistance. It does not become inflated at 
or below 10 ° C. as does ammonium amalgam, but near 20 ° C. it de- 
composes rapidly, giving tri methyl amine as one of the jiroducts. With 
water a violent reaction takes place, with the evolution of hydrogen 
and the formation of colloidal mercury. Polarisation potential measure- 
ments seem to indicate that two phases may exist, with potentials 
2*6 and 2*0 volts respectively, in alcohol, or 2-4 and 1*7 in water, and 
the reaction with water tends to the same conclusion, one phase being 


^ See also Pocklington, ZeiUcIi, Elektrochem., 1898-99, 5 , 139 ; Coehn and Dannenberg, 
Zeitach. physikal. Chem., 1901, 38 , 027. 

* Rich and Travers, loc, ciL 
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more active than tJie other. Monometliyl, diethyl, and possibly tetra- 
ethyl ammonium amalgam also appear to exist. ^ 

These amal^jarns, and also ammonium amalgam, emit charged 
particles on deeomi)osition, due to the bubbling of the gases produced, 
in a finely divided form, through the mercury. 

COMPOUNDS OF MERCURY. 

Mercury is distinct from the other members of the same group 
in the periodic system, since it forms two well-defined series of salts, 
mercurous and mercuric. Solutions of mercurous salts contain the ion 
and of mercuric, the ion Hg *. It is possible that at high 
dilution the mercurous ion splits up iiRo two monovalent ions llg’, but 
])robably only to an inapprecialde extent.^ 

The mercuric salts are peculiar in that the halides and the thio- 
cyanate are only very slightly dissociated. Those which arc dissociated 
to a normal extent that is, salts of strong inorganic oxygen acids and 

also salts of weak acids are readily hydrolysed and form basic salts. 

Mercuric salts have a strong tendency to form complex salts with 
mercury iji the anion. Mercurous salts, on the other hand, have very 
little tendency towards com])lex formation, are not readily hydrolyseci, 
and are, many of them, only slightly soluble in water. Under the action 
of heat or light, mercurous salts tend to form a mixture of metallic 
mercury and the corres])onding mercuric salt, especially if mercury 
be continually removed from the system, whilst mercuric salts, with 
excess of mercury, form mercurous salts.® 

Roth the mercurous and mercuric iojis arc colourless. 

MERCURY AND HYDROGEN. 

Loew considered that the spongy mass formed b}^ shaking zinc 
amalgam with its own volume of a 10 })er cent, solution of platinum 
chloride is a hydrogen amalgam.’’^ It decomposes very rapidly with 
the evolution of hydrogen, but is much more stable if freed from zinc 
by washing with hydrochloric acid and then with water. Platinum 
chloride may be replaced by gold or palladium chloride.® Seely ® 
regarded the product as a foam or mechanical mixture of mercury 
with minute bubbles of hydrogen. Joule tried without success to get 
hydrogen amalgam.^® 

MERCURY AND THE HALOGENS. 

Mercurous Fluoride, HggFg, may be obtained by dissolving 
freshly precipitated mercurous carbonate in hydrofluoric acid, or by 

^ McCoy and West, J. Physical Chem.^ 1912, i 6 , 2 G 1 . 

* McCoy and Moore, J. Ainer. Ghem. Soc.^ 1911,33, 273. See alwo Le Blanc, Zeitsch. 
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the action of a solution of silver fluoride on freshly precipitated mercur- 
ous chloride.^ It forms a ])ale yellow crystalline powder which can be 
recrystallised from hydrofluoric acid.i The melting-point is 570'^ C.^ 
and the density at 15° i\ is 8-73.2 The salt blackens under the action 
of li^ifht, in the presence of moist air, and when heated above 200° C. 
in a glass vessel, mercury sublimes and the glass vessel is corroded.^ 
Unlike the other mercurous halides, it is [martially hydrolysed by water 
forming mercurous oxide. Potassium hydroxide precipitates mer- 
curous oxide, and ammonia gives a black precipitate containing metallic 
mercury. It rapidly turns grey, and the filtrate soon deposits a white 
mass containing mercury, ammonia, and fluorine. Mercurous fluoride 
slowly absorbs dry ammonia with the formation of a black eonipouiid, 
Hg2F2'^H3» which appears to be stable at ordinary temperatures and, 
even at 100° C., gives an inappreciable amount of ammonia. Water, 
howc^ver, decomposes it, forming mercury and a compound containing 
mercuric oxide. ^ 

An acid salt, Hg2F2-^llF.41l20, in monoclinic crystals, is formed by 
the action of concentrated hydrofluoric acid on mercurous oxide. When 
heated it gives water, hydrofluoric acid, and mercuric oxide. ^ 

Mercuric Fluoride, HgFg, may be obtained in long colourless 
needles as the dihydrate, HgF2.2H20, by dissolving rnenairic oxid(' in 
excess of hydrofluoric acid.*’* According to Finkcncr,® the initial 
product is an oxy fluoride, HgFg.HgO.IIaO. The fluoride retains its 
water of crystallisation up to 130° C., but above that t(mij)eraturc it 
loses hydrofluoric acid, forming oxyfluorides of varying (composition. 
It is decomposed by light and readily hydrolysed by watcjr, forming 
a reddish-yellow oxy fluoride,^ although, according to Cox,^ there is 
no basic salt, only a mixture of mercuric; oxide and mercuric fluoride. 

The anhydrous salt is formed by the direct action of fluorine on 
mercury.® It may be prepared by lieating mercurous fluoride in a 
current of dry chlorine at 275° C., or dry bromirie at 400' C., or alone 
at 450° C. under 10 mm. pressure.® It forms transparent octahedral 
crystals of melting-point 045° C. and of boiling-[)oint })robably in the 
neighbourhood of 650° C. The density at 15° C. is 8-95. Tlic salt is 
very sensitive to moisture, and becomes discoloured by traces of mois- 
ture not analytically detc(;table. On exposure to air, mercuric oxide is 
ultimately formed. With small quantities of water a white, hydrated 
oxyfluoridc, IIg3F4(OH)2.3n20, is formed, whilst with larger (piantities 
mercuric oxide is gradually produced, lly dissolving the anhydrous 
salt in 40 per cent, hydrofluoric acid and cautiously eva])orati ng, the 
hydrated salt, HgF2.2H20, is obtained in small colourless crystals. 
Mixtures of the fluoride with silver, copper, lead, aluminium, magnesium, 
zinc, tin, chromium, iron, or arsenic react vigorously when strongly 
heated locally, yielding amalgams and metallic fluorides. When heated 

^ Finkener, Pogg. Annalen, 1860, no, 142. 

* Ruff and BaMau, Ber., 1918, 51 , 1756. 
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with sulphur, sulphur tetrafluoridc is formed. The fluoride is not 
attacked when heated in a stream of chlorine or bromine, but, by 
passing dry chlorine over mercurous fluoride at 120 ’ C., a pale yellow 
chlorofluoride, HgClF, is obtained, and, in bromine at 105 ° C., a broino- 
fluoride.^ When heated, mercuric fluoride attacks platinum, but not 
carbon,^ 

Mercuric fluoride is hydrolysed in solution to the extent of about 
80 per cent. The solubility of the red oxide in hydrofluoric acid 
is proportional to the concentration, and is decreased by the addition 
of potassium fluoride. This indicates the non-existence of complex 
fluorides. 2 

By adding concentrated aqueous ammonia, and then alcohol, to a 
solution of mercuric fluoride, a light yellow amorphous powder, which 
is the fluorine analogue of infusible white precif)itate,^ and hence has 
the formula UgNHgF, has been prepared."* If a hydrofluoric acid 
solution of mercuric fluoride be decomposed by aqueous ammonia in 
slight excess, a gelatinous white mass, whicli, on washing, forms a 
white powder, is obtained. On heating it gives ammonia and nitrogen, 
and Finkener ascribed to it the formula HgF2.IIgO.NII3.® Franklin 
regarded it as a hydrated ammonobasic fluoride, or as a mixture of the 
compound IlgNIIgF with a basic fluoride, and gave to it the formula 
(HgF)2.NH.H20.« 

Mercurous Chloride, Hg2Cl2» occurs naturally, in a white or 
yellowish -grey crystalline form with a conehoidal fracture, as the 
mineral calomel or horn mercury. In Europe; it has been employed in 
medicine since the sixteenth century under a variety of names — sweet 
sublimate, sweet mercury, and so on. In Japan, however, it was 
apparently known as far back as the eighth century.’ 

It may be prepared by subliming an intimate mixture of mercury 
and mercuric chloride, or its equivalent- - for exam])le, mercurous sulphate 
and sodium chloride,® or mercury, mercuric chloride, and sodium 
chloride. The Japanese method consists in heating mercury with a 
compost of arenaceous red clay and bay salt moistened with bittern.’ 
The hydrochloric acid obtained from the magnesium chloride of the 
bittern, along with the oxygen of the air, reacts with the mercury as 
follows ® ; — 

4 llg "I^HCl -f- 02 — 2 lIg 2 Cl 2 ”l~ 2 H 20 . 

Other methods may be employed — for example, precipitation of a dilute 
solution of mercurous nitrate with a soluble chloride, the action of 
chlorine on a feebly acid, concentrated solution of mercurous nitrate,*® 

^ Rutf and Bahlau, he, cit. 

® Jaeger, Zeitsch, amrg. Chem,, 1901, 27 , 22. 

® See Compounds resulting from the Action of Ammonia on Mercuric Chloride. 

* Bohm, Zeitsch. anorg. Ghtm.y 1905, 43 , 332. Bohm describes this as the action of 
ammonia on mercurous fluoride, but since he prepares the latter by the action of hydro- 
fluoric acid on precipitated mercuric oxide, and the composition of the resulting compound 
relates it to infusible white precipitate, which is a mercuric chloride derivative, mercuric 
fluoride must have been actually used. 

* Finkener, Pogg. AnTUilen, 1860, no, 628; Jahresber., 1860, 197. 

® Franklin, J. Amer. Chem. Soc., 1907, 29 , 68 . 

I ’ Divers, J. Soc. Chem, Ind,, 1894, 13 , 108. 

* British Pharmacopoeia (Constable & Co., Ltd.), 1914, p. 176. 

* See also Berthelot, Gompt, rend,, 1897, 125 , 746; Ann, Chim, Phya„ 1898, [7], 
13 , 73. 

Sievers, Ber,, 1888, 21 , 660. 
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or the action of a reducing agent on mercuric chloride. As reducing 
agents the following have been used : sulphur dioxide, ^ an alkali 
sulphite, 2 hypophosphorus acid,® ferrous sulphate,^ hypochlorites, ^ 
potassium binoxalate,® and oxalic acid.’ Electrolytic reduction may 
also be employed.® 

Both the natural and artificial calomel form crystals belonging 
to the quadratic system. Prepared by sublimation it forms fibrous 
masses, and prepared by i)reei})itation it forms a hea\'y white powder 
composed of microscoj)ic needles. The density varies according to the 
conditions of formation, having an average value of about 7.® The 
heat of formation of nuTcurous chloride from its elements is ()2-65 Cal.^® 
The specific heat is () ()5()19.^^ Pollitzer ^rives the molccmlar heat of 
HgCl as fi*]2 at 22-95^' abs., and 12-24 at 820*^ abs. The melting-point 
is about 302"" When fused in closed vessels it conducts electricity. 
The solid salt is also a conductor of electricity, and its (conductivity is 
imireased by the addition of a little sodium chloride.’'^ Under ultra- 
violet light an orange fluorescence is observ(‘d.^® 

The earlier detcTini nations of the vapour j)ressure of mercurous 
chloride were considered to indicate a formula llgCl.^’ OtIuT investi- 
gators, however, found values indicating IlggClg,^® and still others 
stated that there is dissociation into mercury and mercuric chloride, 
as could be shown by the amalgamation of a gold leaf introdiuccd into 
the vapour. In 1900, Baker found that Jiiereurous chloride vapour, 
dried as completely as possii)lc, had a vapour density of 217-4, but if 
dried by sul})huric acid only, the density was 118-4. In the first ease 
no amalgamation of a gold leaf took })lace, whilst in the second the 
leaf was readily attacked. This appeared to show that the dry vapour 
consists of mercurous chloride molecules, whereas the undried is dis- 
sociated into mercury and mercuric chloride. Later investigations 

^ Vogel, J. prakt. Chem.^ 1843, |1], 29, 276; Wohler, Anyiahn^ 1854, 90, 124 ; Stein, 
ihid.^ 1855, 96, 335; Zinkeisen, ZeiUfch. Pharm.y 1855, 8; Muck, J(ihre.sber,t 1855, 417 ; 
Vitali, J. Chem. Soc.^ 1894, 68, Abs. ii, 140. 

* Meyer, Zeitsch, anorg, C7iem.^ 1905, 47, 399. 

® Oluckmann, Jahresber.y 1896, 2177 ; Gladstone and Tribe, Phil. Mmj.^ 1875, [4], 49, 
420. 

* Hcmpel, Annalen, 1858, 107, 97. 

® Fairley, B.A. Reports ^ 1875, 42. 

® Millon, Ann. Chim. Phys., 1840, [3], 18, 391. 

’ Schoras, Ber., 1870, 3, 11 ; Uioth, Jahresber., 1871, 335. 

* Gladstone and Tribe, B.A. Rejiorts^ 1874, 58. 

® Boullay, Ann. Chim. Phys., 1830, [2J, 43, 206 ; Herapath, Berzelius' Jahrbneh, 1876, 
5, 52 ; Clarke, Constants of Nature ^ Part 1 (Macmillan & Co.), 1888, 

Varot, Ann. Chim. Phys.^ 1896, [7J, 8, 98. See also Nemst, Zeitsch. physikal. Chem., 
1888, 2, 23. 

Bronsted, Zeitsch. Elektrochem., 1912, 18, 714. See also Begnault, Ann. Chim. Phys., 
1841, [3], I, 154. 

Pollitzer, Zeitsch. Elektrochem., 1913, 19, 513. 
w Ruff and Bahlau, Ber., 1918, 51, 1766. J* Hampe, Chem. Zeit, 1887, II, 906. 

Fritsch, Wied. Annalen, 1897, 60, 308. 

Wolff, Chem. Zeit., 1912, 36, 1039. 

Mitscherlich, Pogg. Annalen, 1833, 29, 223 ; Devillc and Troost, Compt. rend., 1867, 
45, 821 ; Rieth, Ber., 1870, 3, 666 ; Fileti, Oazzetta, 1881, ii, 341 ; J. prakt. Chem., 1894, 
[2], 50, 222 ; 1895, [2], 51, 297. 

Williamson, J. Chem. Soc., 1864, 17 , 211 ; Debray, Compt. rend., 1868, 66 , 1339 ; 
1876, 83 , 330. 

Odling, Jahresber., 1864, 280 ; Erlenmeyer, Annalen, 1864, 131, 124 ; Harris and 
Meyer, Ber., 1894, 27, 1482 ; Meyer, Ber., 1894, 27, 3143 ; 1895, 28, 364. 

]^ker, Trans, Chem, Soc., 1900, 77 , 646. 
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confirmed and it was also shown that dissociation of the iin- 

dried calomel is complete.^ 

The following values have b(*en found for the vapour pressure at 
different temjieratures ^ : 

Temperature, ° C. . 90 100 120 150 180 

Pressure, mm. Il^r . o OOi 0 0089 0 016 0 07 0-45 

The boiling-point is 883-7° C.,^' ^ but the vapour pressure of the dried 
material, even at 852° C., is ])ractieally zero.® 

When dissolved in mercury, mercurous chloride has a molecular 
weight indicating the formula HgCl,^ whilst in mercuric chloride it has 
the formula HggClg.'^ 

On exposure to light, mercurous chloride darkens, probably with 
decomposition into the metal and mercuric chloride. It is readily 
oxidised by ozone,® by fluorine directly,® and by chlorine, bromine, 
and iodine in acetone solution.^® It is also readily reduced to mercury 
by suitable reducing agents— for example, alkali hyposuljfliites or 
sulphites, and stannous chloride.^® Sulphuric acid does not act upon 
it in the cold, but gives sulphur dioxide when hot and no hydrochloric 
acid.^^ When heated with concentrated nitric aeitl it forms mercuric 
chloride and mercuric nitrate.^® 

According to Meyer, a different modification of mercurous chloride 
is olitained in lustrous scales, and of density 4-5 5, by mixing solutions 
of mercuric chloride and lithium sulphite, filtering off the heavy white 
preci})itatc first formed, and heating the clear solution to 7()°-80° C. 
It changes into the ordinary salt on sublimation. It shows no difference 
of potential, however, when combined in a galvanic chain with ordinary 
mercurous chloride, and thus can scarcely be an allotropic modification. 

Calomel is only very slightly soluble in water, the solubility being 
about 1x10“® grin. -molecules j)er litre. It is insoluble in most 
organic liquids.^® If calomel be boiled with water it slowly forms 
mercuric chloride and mercury. With water at 150° C. in the presence 
of oxygen, mercuric chloride in solution and a precipitate of oxychloride 


^ Smith and Menzios, J. Amer. Chem. Soc., 1910, 32 , 1541. 

* Smith and Menzms, Zeitfich, physikal. Chem., 1911, 76 , 251, 713. 

® Smith and Calvert, J. Amer. Chem. Hoc., 19 Hi, 38 , 80 i. 

* WicMleiiiann, Stelzncr, and NiederRchnlte, Her. Deut. x^hyaikal, 6 'e.s., 1905, 7 , 159. 

^ Smith and Menzies (./. Amer. Chem. /Soc., 1910, 32 , 1541) found 382-5" C\, Harris 
and Meyer {Ber., 1894, 27 , 1482), 357° C., and Jonker {Chem. Weekblad, 1909, 6 , 1035), 
373° (I 

® Smith and Menzies, Zeitach. physikal. Chem., 1911, 76 , 713 ; but this was not found 
to be the ease by Baker, he. cit. 

^ Beckmann, Zeitsch. anorg. Chem., 1907, 55 , 175. 

** Mailfert, Compt. rend., 1882, 94 , 860. 

® Moissan, Ann. Chim. Phys., 1891, [ 6 ], 24 , 257. 

Naumann, Ber., 1904, 37 , 4328. 

Schnauss, Arch. Pharm., 1875, [3], 6 , 411. 

St. -Cilice, Ann. Chim. Phya., 1852, [3j, 36 , 90. 

Divers and Shimidzu, Trans, Chem, Soc., 1886, 49 , 558. 

Vogel, SchtpeiggePa J., 1821, 32 , 69. 

1 ® Boullay, Ann. Chim., 1803, [ 1 ], 44 , 187. 

Meyer, Zeitsch. anorg. Chem., 1906, 47 , 399. 

Ley and Heimbucher, Zeiiach. Elektrochem., 1904, 10 , 301 ; Sherrill, Zeitsch. physikal. 
Chem., 1903, 43 , 732. KohlrauBch and Robc {ibid., 1893, 12 , 241) give a much higher 
value, 6 X 10'® at 18° C. 

*® Naumann, Ber., 1904, 37 , 3600, 4328 ; Sulc, Zeitsch. anorg, Chem,t 1900, 25 , 399. 
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are obtained.^ In presence of hydrochloric acid or potassium cliloridc 
the oxychloride dissolv^es.^ Calomel dissolves more readily in solutions 
of alkali or alkaline earth chlorides or cyanides, or of hydrochloric 
acid, than in water, and the dissolved mercury is in the mercuric state. 
As with water alone there is probably a preliminary dissoeiation into 
mercury and mercairic eJiloride. The latter ^^rives a complex ion with 
the chloride introduced, thus removinjjj the mercuric chloride as such 
from the system and facilitatinjjf further dissociation until an equili- 
brium is reach(?d. The extent of the action increases with temj)erature 
and concentration of (fhloride.^’ ^ The merenr}" itself dissolves to 
a slight extent, in presence of air, when shaken with an alkali 
chloride. 

Ammonia solution blackens mercurous chlorid(% forniHijr black 
precipitate.” This consists of a mixture of metallic mercury with 
'‘infusible white })recij)itate.” ^ It is impossible to assi^m a formula 
to black ])reeipitate, as part of the white coin}K>und ^oes into solution 
to an extent detcTinined by the concentration of the amrnoniaeal 
liquid.® Accordin<r to Seii,^ dimcrcuroaminonium chloride, NI 1211^2^ ^ 
is formed. This compound is reduced to metallic nurreury by arsenic 
trisul])hide.'^ Calomel, especially if ])re])ared in the wet way, rapidly 
absorbs dry ammonia and forms a black compound IIjr^Clg.'iNILj.® 
The dissociation [)ressurc increases regularly with t(‘mf)crature. 

Calomel is cin[)loyed in the production of a standard eh^ctrodc 
}>repared from a normal or more dilute solution of potassium chloride, 
saturated with mercurous chloride and placed in contact with mercury. 
Hydrochloric acid may be used instead of potassium cliloridc. The 
absolute value of the electromotive force of the normal calomel electrode 
was formerly considered to be 0*56() volt,*^ but r(*cent work casts 
considerable doubt on this ^alue.^® lleferred to th(‘ hydrogen elec- 
trode as zero, the electromotive force of the normal calomel electrode is 
0-2828 volt at 25"" C., and of the decinormal electrode', 0-8857 volt.^^ 
A carefully ]:)rcpared electrode only suffers a very sli^rht variation with 
time. 

Mercurous chloride is also used for various pharmaceutical purjioses. 

Colloidal Mercurous Chloride, Hydroxylamine hydrochloride reacts 
with a mercuric salt to give an unstable colloidal solution of mercuric 

^ Hada, Trans, C/mn. 1896, 69 , 1667. 

* 8 ec also Boullay, Ann. Chim. Phys,, 1827, [2], 34 , 343. 

^ (Tcwccko, Zcitsch. jihysikal. Chem., 1903, 45 , 684 ; Rk-ljaids and Archibald, ibid., 
1902, 40 , 385; Abegg, Immcrwahr, and dander, Zeiisch. Mcktrochem., 1902, 8 , 688 ; 
Ditte, Ann. Chim. Phys., 1891, [ 6 J, 22 , 559. 

* See Compounds resulting from the Action of Ammonia on Mercuric (3ilorido. 

® Kane, Pogg. Annalen, 1837, 42 , 380 ; Barfoed, J . jmikt. Che?n., 1889, [ 2 J, 39 , 211 ; 
Saha and Choudhuri, Zeitsch. anorg. Chem.^ 1910, 67 , 357. 

« Sen, ibid., 1903, 33 , 197. See also Kane, Phil. Mag., 1837, [3j, ii, 507. 

’ Rcichard, Per., 1897, 30 , 1916. 

® Rose, Pogg. Annalen, 1830, 20 , 158 ; Isambert, Co^npt. rend., 1868, 66, 1259 ; Barfoed, 
J. prakt. Chetn., 1889, [2J, 39 , 217. 

* Rott 6 , J. Physique, 1900, [3], 9 , 543 ; Sauer, Zeiisch. physikal. Chem., 1904, 47 , 146. 

Garrison, J. Amer. Chem. Poc., 1923, 45 , 37 ; Bodforss, Zcitsch. Elektrochem., 1923, 

29, 121. 

'' Lewis, Brighton, and Sebastian, J. Amer. Chem. Son., 1917, 39 , 2245. Sec also 
Loomis and Meacham, ibid., 1916, 38 , 2310; Eurness, Hardman, and Newbery, I'rans. 
Chem. Soc., 1914, 105 , 2302 ; Proc. Chem. Poc., 1914, 30 , 233 ; Falmaer, Zeiisch. physikal. 
Chem., 1907, 59 , 129 ; Loomis and Acree, Amer. Che7n. J., 1911, 46 , 5815. 

Myers and Acree, ibid., 1913, 50 , 396 ; Loomis and Acrce, loc. cii. 
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chloride which is decomposed by dialysis.^ By the addition of chlorine 
water to a colloidal solution of mercury, a milky liquid, reddish yellow 
by transmitted li^»ht, is obtained.^ Excess of chlorine gives a solu- 
tion of mercuric chloride. A solid stable product, capable of giving a 
colloidal solution with water, has been prepared by precipitating calomel 
from mercurous nitrate and sodium chloride in the presence of a pro- 
tectiv(! cdloid such as albumen, albuminiform substances, or gums, 
dialysing the resulting licpiid, and evaporating to dryness or precipitat- 
ing by alcohol.® 

Lachs has studied mercurous chloride sols ultramicroscopically.^ 
Ileinders has observed that colloidal solutions obtained from very 
dilute solutions of mercurous nitrate and sodium chloride are doubly 
refracting even in the presence of gelatine, due to the fact that they 
contain needle-shaj)ed ultramicroscopic particles, lo the flowing liquid 
these set themselves along the line of flow. The solution is a milky 
bluish white by reflected light and a yellowish brown by transmitted 
light. If gelatine is not present, a silky -looking suspension of mercurous 
chloride needles, of length about TO fi, may be obtained.® 

Double Salts and Addition Compounds , — The mercurous, unlike the 
mercuric ion, shows very little tendency to form complex ions. It has 
been stated, however, that a double \salt with silver, Ilg2Cl2.2AgCl, 
possibly to be regarded as the silver salt of a complex acid, Ag2(Hg2Cl4),® 
and also a chi orost annate, HggClg.SnClg or IIg 2 (SnCl 4),7 have been 
prepared, as well as a compound with sulphur dichloridc, IIg2Cl2.SCl2.® 
A double salt with aluminium, containing benzene of crystallisation, 
AlClg.HgCl.CgHg, separates from a benzene solution of the two salts.® 
Mercuric Chloride, HgC^. As far back as tjie time of Geber, 
mercuric chloride, or corrosive sublimate, was in use for medicinal 
purposes. C'hlorinc apparently combines with mercury directly in the 
cold to form mercuric chloride, even when a considerable excess of 
mercury is present.^® The usual method of preparation of the salt, 
which is similar to the eaj’ly methods, is by sublimation of a mixture 
of mercuric sulphate and sodium chloride. Many variants of this 
method have been proposed. Mercuric chloride can also be obtained 
by precipitation of a mercuric salt with a soluble chloride, by treatment 
of mercuric oxide with hydrochloric acid or a soluble chloride, or by 
saturation of mercuric nitrate solution with chlorine.^® The heat of 
formation of the salt from its elements is 53-3 Cal.^^ 

When prepared by sublimation it forms a white mass of octahedral 


^ Gutbifr, Zeitsch. anorg. Chem., 1902, 32 , 353. 

* Lottermoser, J. prakt, Chem., 1898, [ 2 ], 57 , 484. 

® Ellis, Chemische Fabrik von Heyden Akt-Ges., German Patent, 165282 (1903) ; 
English Patent, 19163 (5th September 1903). 

* Lachs, J, Physique. Radimriy 1922, 3 , 125. 

® Reinders, Kolhid- Zeitsch, ^ 1917, 21 , 161. 

« Jones, J. 80c. Chem, Ind.y 1893, I2, 983 ; Tram. Chem, 80c., 1910, 97 , 339. 

’ Capitaine, J, Pharm. Chim., 1839, [ 2 ], 25 , 549. 

* Abegg, Handbuch d. anorg. Chem, (S. Hirzel, Leipzig), 1905, ii, 2 , p. 611. 

® Gulewitsch, Rer., 1904, 37 , 1560. 

Bailey and Fowler, Tram. Chem. 8oc.y 1888, 53 , 761. 

'' See Rupp and Klee, J. Chem. 80c. y 1910, 98 , Abs. ii, 615. 

** Mailhe, Ann. Chim. Phys.y 1842, f3], 5 , 177 ; Wagner, Dingl. mly. J., 1865, 176 , 135. 
Sievers, Ber.y 1888, 21 , 649. 

Varet, Ann. Ohim. Phys.y 1896, [7], 8 , 97. See also Nemst, Zeitsch. physikal. Chem,, 
1888, 2 , 27. 
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crystals.^ From aqueous and alcoholic solutions prismatic crystals 
separate. The behaviour of mercuric chloride in solid solution with 
mercuric bromide indicates that the former is dimorphous.^ The 
density is 5-45,*'* the melting-point 277'' C./- ® and the boiling- 
point 302*5° The salt is readily volatile, and the following 

values for the va])our pressure at different temperatures have been 
given ® : — 

Temperature, “C. . 90 100 120 152 195 231 202 275 278 283 302 

Pressure, mm. Hg . 0 05 0*10 0-38 3 20 82 237 375 421 481 764 

Prideaux gives values at less than degree intervals from 286*1° C., 
pressure 505 mm., to 309° C., pressure 844 mm.® 

The (iritieal temperature is 976” abs. Tin* speei fie heat at 12°-98° C. 
is 0*0689.^^ The electrical conductivity of (used mercuric chloride is 
small. The solid salt also conducts electricity, but the addition of 
] per cent, of sodium chloride increases the conductivity eighteen times. 

On account of its slight dissociation in solution, mercuric chloride is 
a somewhat inert substaiujc, but it is readily reduced to calomel. By 
exposure to ultra-violet liglit, in either the dry or moist crondition, 
mercurous chloride is formed. The action, however, is reversible. 
The reduction by oxalic acid or oxalates is greatly inlluenced by light, 
or by radium rays.^® The reduction by phosphorous acid,^"^ hypophos- 
phorous aeid,'^ sodium forjuate,^® hydrogen })eroxidc in alkaline solution, 
or sodium })eroxidc,‘‘^® ferrous sulphate, ferrous chloride under the 
inlluencc of ultra-violet light, and ))ij)eridine,2^ has been carefully 
studied. The reducing action of stannous chloride has long been known. 

^ MitHchcrlich, Pogg. Annalen, 1833, 28, 1J9 ; Hiorldalil, Compt. rend., 1879, 88, 584. 

^ van Nest, Zeilsch. Krgst. Min., 1910, 47, 263. See also Luezizky, ihid.^ 1909, 
46, 297. 

® van Nest, loc. cil.^ 265. See also Boullay, Aim. Chim. Phyt^.y 1830, [2], 43, 266 ; 
Ortloff, Zeiiach, jthysikal. Chem., 1896, 19, 210. 

* Ruff and Bahlau, Ber., 1918, 51, 1756. 

® Johnson, J. Amer. Chan. /S'oe., 1911, 33, 111. 

® Jonker, Chan. Waekhlad^ 1909, 6, 1035. 

See also Freyer anil Meyer, ZciUfch. anorg. Chem.y 1892, 2, 1. 

® Wiedemann, Stelzner, and Niederschulte, Bfr. Dent, physical. 6V«., 1905, 7, 159. 
See also Arctowski, Zeilsch. anorg. Chem., 1894, 7, 167. 

® Prideaux, Trans. Ghem. Soc.^ 1910, 97, 203k 

Rotinjanz and Suchodski, Zeilsch. jdiysikal. Chem.y 1914, 87, 25.3. See also Rassow, 
Zeilsch. anorg. Chem., 1920, 114, 146. 

Regnault, Anyi. Chim. Phys.^ 1841, [3], I, 155. 

Hampe, Chem. Zeit., 1887, ii, 904. 

Fritsch, Wied. Annhlen, 1899, 60, 308. 

Pougnet, Compt. rend., 1915, 161, ,348. 

Schoras, Ber., 1870, 3, 11; Uloth, Jahresber.f 1871, 335; Eder, ibid.y 1880, 198; 
Roloff, Zeilsch. physikal. Chem.j 1894, 13, 329 ; Kastle and Beatty, Amer. Chem. »/., 1900, 
24, 182. 

Becjquerel, Compt. rend.^ 1901, 133, 709. 

Monteinartini and Egidi, Cazzellat 1902, 32, ii,'-l82 ; (lamer, Foglesong, and Wilson, 
Amer, Chem. J., 1911, 46, 361 ; Garner, ibid., 648 ; Linhart, Zeilsch. anorg, Chem.^ 1913, 
82, 1 ; Amer. J. Sci., 1913, [4], 35, 353. 

Mitchell, Trans. Chem.. 8oc., 1921, 119, 1266. 

Findlay and Davies, ibid.^ 1913, 103, 1550; Linhart, J. Amer. Chem. Boc., 1916, 
37, 70. 

Kolb, Chem. Zeit., 1901, 25, 21 ; Kohii, Zeilsch. anorg. Chem., 1908, 59, 271 ; Kohn 
and Ostersetzer, ibid., 1913, 80, 218. 

Winther, Zeilsch. wiss. Photochem., 1912, 11, 60. 

Winther, Zeilsch. Elektrochem., 1912, 18, 138. 

Werner and Ferchland, Zeilsch. anorg. Chem., 1897, 15, 11. 
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A number of other methods of reduction have been indicated.^ 
According to Linhart and Adams, ^ metallic mercury is probably first 
obtained in the reduction of mercuric compounds, and then, if conditions 
permit, mercurous compounds are formed. 

Mercuric chloride is a powerful poison and is useful as a disinfectant, 
but the sodium chloride often added to stabilise it reduces also its 
virulence.® 

The solubility of mercuric chloride in water at 25*^ C. is 0-263 
grrm.-molecules ])er litre.^' ® Etard obtained the following values at 
different temperatures ® : — , 

Temperature, ° C. .0 10 20 30 40 GO 80 100 120 150 

Percentage of 

mercuric chloride 3-5 4-5 5-4 7-2 9-3 14-0 23-1 38 59 78-5 


The saturated solution freezes at —0*2° C., and has a composition 
at this temi)erature of 3-29 per cent, mercuric chloride.® The heat of 
solution is —3,'^ or —3-3 Cal.® In solution mercuric chloride only 
dissociates into ions to a ver}^ small extent.® The dissociation constant 

[Her**] X fcrp 

— ^ been given as 0-5x10 but in reality the ion 

HgC'r is also present, and, taking this into account, the following 
dissociation constants liavc been found : — 


K,=r. 


[i ig ■] X [ crj® 
[llgClgJ 


= 1-0 X 10-14; 11- 12 K, 


[iigcrjxLcrj 

-"iHgClJ 


= 2-8X10"’ ; 


* UIgCI J - , aim [iigcip A 


small amount of hydrolysis takes place in aqu(;ous solution, possibly 
with the formation of an oxychloride, (Hg(U)20.i®’ i® The following 
values for the degree of hydrolysis at 25^^ C., for different dilutions, have 
been given i® ; — 


Dilution in litres con- 
taining c(pii valent . . 16 32 64 128 256 

Percentage hydrolysis . . 0-26 0-39 0-58 0-90 1-43 


' Moissan, Traitede Chimie Mmerale (Masson etCHc, PariH), 1906, vol. v, p. 252. 

* Linhart and Adams, J, Amer. Chem. Soe., 1917, 39 , 948. 

Paul and Kronig, Zeitsch. phyaikal. Chem., 1896, 21 , 414. 

^ Sherrill, Zeitsch. Elektrochem., 1903, 9 , 649; Zeitsch. physikal. Chem., 1903, 43 , 
705. See also Morse, ibid., 1902, 41 , 726; Rohland, Zeitsch. anmg. Che 7 n., 1898, 18 , 
328; Hanriay, J. Chem,. Soc., 1873, 26 , 674; Poggiale, Ann. Chim. Phijs., 1843, [3], 
8 , 463. 

* Etard, Ann. Chim. Phys., 1894, [7], 2 , 555. 

® (Juthrie, Phil. Mag., 1875, [ 4 ], 49 , 266. 

’ Berthelot, Ann. Chim. Phys., 1883, [ 5 ], 29 , 236. 

® Tliomsen, J. prakt. Chem., 1875, [2], ii, 273. 

® Biltz, Zeitsch. physikal. Chem., 1902, 40 , 204 ; Carnegie and Burt, Chem. News, 
1897, 76 , 174. 

Luther, Zeitsch. physikal. Chem., 1901, 36 , 385. 

Sherrill, ibid., 1903, 43 , 734. See also Drucker, Zeitsch. Elektrochem., 1912, 18 , 236. 
Morse, Zeitsch. physikal. Chefti., 1902, 41 , 709 ; Sherrill, ibid., 1904, 47 , 103. 

** Luther, ibid., 1904, 47 , 107. 

Rohland, Chem. Zeit., 1894, 23 , 581. 

See also Arctowski, Zeitsch. anorg. Chem., 1895, 9 , 178. 

Ley, Zeitsch. physikal. Che^n., 1899, 30 , 249, 
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Kull^reii studied it at higher temperatures by the inversion of cane 
sugar, ^ and his results are given in the following table : — 


Dilution in Litres. 

At 100" 0. 

l^creontagc Hydri)lysis. 

At 85 5^ a 

1 Vreen tage Hyd r( )ly sin . 

8 

o-co 

Okll 

82 

1-35 

1 -OG 

128 

2-99 

2-81 

512 

G-91 

4-87 


The a(]ueous solution oJ' mercuric chloride is found to contain a 
number of ultrainicroseopic j)articles attributed to the formation of a 
colloidal substance produe(‘d as the result of hydrolytic deeoni])osition.2 
In the presence of air and light hydrolysis is inucli more extensive, but 
the solution may be stabilised to light by the addition of hydrochloric 
acid.® According to Verda,^ acpieous solutions form the oxide in the 
dark, but in the light calomel is deposited. 

From measurements of the distribution of mercuric chloride between 
water and benzene, Linhart concludes that the aqueous solution con- 
tains Hg 2 Cl 4 molecules only,® but, from measurements of the boiling- 
point of aqueous solutions, it appears to associate to treble molecules 
in water, the formula lIg[IIgCl 3]2 being suggested to bring the (compound 
into line with the double alkali salts of general formula M(ngCl 3 ) 2 .** 
Measurements of the lowering of freezing-point in un thane indicate 
that, in this solvent, it apparently forms simple moleeul(‘s.'^ 

Mercuric, chloride is readily soluble in alcohol. At 25° C. 100 parts 
of methyl alcohol dissolve CO-9 parts of mercuric chloride, and 100 of 
ethyl alcohol 49-5 parts of the salt.® According to McIntosh,® alcohol- 
ates arc formed.^® Delow 88-8° C. the compound HgC’lg.CHaOH may 
be obtained, and above this temj)crature pure IIgCl 2 * this tempera- 
ture also there is a change in the direction of the solubility curve. The 
transition temperature is lowered by the addition of water. Another 
alcoholate, IlgCl 2 . 2 CH 30 H, has also been mentioned. The solubility 
of mercuric chloride in mixtures of water and methyl alcohol reaches 
a maximum at one molecule of water to two of alcohol. In mixtures 
of ethyl alcohol and water the solubility increases with the proportion of 
alcohol.^® Laird, on the contrary, states that there is a minimum at 
24 per cent, of alcohol,^® corresponding with the j)oint of maximum 
toxicity observed in such solutions by Paul and Krbnig.^^ The salt 

^ Kullgren, Zeitsch. physikal, CJmn,, 1913, 8 $, 472. 

* Fischer and Brieger, Zeit/ich, Chem. hid, Kvlloide^ 1910, 7> 190. 

3 Dclepine, Chem. Zentr., 1913, i, 49. . * Verda, ibid., HK)7, i, 1392. 

® Linhart, J. A nier. Chem. Soc., 1915, 37 , 258. 

® Bourionand Rouyer, 1923, 177 » ^4. (Jastoro, 1898, 28 , ii, 317. 

® Lobry do Bniyn, Zeitsch. phyfiikal. Chem., 1892, 10 , 783 ; Rohland, ZeiiscJi. anorg. 
Chem., 1898, 18 , 328; Etard, Compt. rend., 1892, 114 , 112; Ann. Chim. Phys., 1894, 
[7], 2 , 556. ® McIntosh, J. Physiml Chem., 1897, i, 298. 

See also Herz and Kuhn, Zeitsch. anorg. Chem., 1908, 58 , 161 ; Dukelski, ibid., 1907, 
53 , 327. Timofeiefi, Compt, rend., 1891, 112 , 1223. 

Herz and Anders, Zeitsch. anorg. Chem., 1907, 52 , 164. 

Laird, J. Physical Chem., 1920, 24 , 736. 

Paul and Kronig, Zeitsch. physikal. Chem., 1896, 21 , 448. 
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is also soluble in ether, but the solubility is ^ifreatly increased by 
the addition of water. Stromholm concluded from this that the 
chloride forms a hydrate in the ethereal solution.^ Investigations 
have also been made of the solubility in the higher alcohols,^*® mix- 
tures of alcohols,’^ acetone,^'® acetone and water,® glycerol,^® ben- 
zene, carbon bisulphide, ethyl acetate,^® pyridine, formic acid,^® 
benzonitrile and other aromatic nitriles, nitrobenzene and other 
aromatic nitro-eompounds,^® paratoluidine, and various other organic 
solvents,®' as well as mixtures of these. 2® 

The physical constants of solutions in different solvents have been 
vstudied : density in water,'-^^’ alcohol,^®* acetone,®^*®® 

and other solvents ; specific heat in water and alcohol ; 2® vapour 
pressure in water ; boiling-])oint in water,®®* alcohol,®^ acetone,®® 
various nitriles,®® and alkyl suljdiides ; ®^ freezing-point in water®’*®® 
and in urethane ; ®® refractive index in water,®®- ®® alcohol,®®* ®® and 
acetone ; ®® magnetic rotation in ethyl and amyl ahfohols, acetone, and 
pyridine ; ®^ viscosity in water ; ®® electrical conductivity in water,®®* ^® 

^ Linebarger, Ame.r. J. 1894, 16 , 214. 

^ Stio also Madsen, Jahreabvr.j 1897, 9b7. 

® {See also Mylius and lliittner, Ber., 1911, 44 , 13 L5, 

* Stromholm, Zeitsch. physikal. Ghem., 1903, 44 , 03. 

* Ktard, Ann. Chim, Phys.y 1894, [7J, 2 , 555. 

* Kohland, Zeitsch. anorg. Chmi.y 1898, i 8 , 328. 

’ Herz and Kuhn, ibid.y 1908, 58 , 101 ; 60 , 1.52. 

® Naumaiin, Aier., 1904, 37 , 4328. 

* Herz and Kriooh, ZciUck. anorg. Ghem., 1904, 41 , 319. 

Fairley, Mon. scienL, 1879, [3], 9 , 68.5 ; Moles and Marquina, Anal. Fis. Quim., 
1914, 12 , 38.3. 

SlieiTill, Zeitsch. physikal. Ghem., 1903, 43 , 70.5 ; Zeitsch. Elektrochem., 1903, 9 , .549; 
Franchimont, Rec. Trav. chim., 1882, i, .5.5. 

Arctowski, Zeitsch. anorg. Ghem.y 1894, 6 , 260. 

Naumann, Ber.y 1904, 37 , 3000 ; Aten, Zeitsch. physikal. Ghem.y 190.5, 54 , 121. 

Naumann and Sehroeder, Ber., 1904, 37 , 4609. 

Aschan, Ghem.. Zeit., 1913, 37 , 1117. 

Werner, Zeitsch. anorg. Ghem., 1897, 15 , 1 . 

Naumann and Kiimmerer, Ber., 1914, 47 , 1369. 

Mascarelli and Ascoli, Gazzeitay 1907, 37 , i, 125. 

Sulc, Zeitsch. anorg. Ohem.y 1900, 25 , 399 ; Naumann, Ber.y 1899, 32 , 1000 . 

Dukclski, Zeitsch. anorg. Ghem.y 1907, 53 , 327 ; Harden and Dover, ./. Anier. Ghem. 
Soc,y 1917, 39 , 1. Biltz, Zeitsch. physikal, Ghem., 1902, 40 , 199, 

Schonrock, ibid.y 1893, II, 768. 

Schroder, Jahresber.y 1880, 469. 

Grotrian, Wied. Annaleny 1883, 18 , 192 ; Engel, Anyi. Ghim. Phys.y 1889, [ 0 ], 17 , 362. 

Le Blanc and Rohland, Zeitsch. physikal. Ghem., 1896, 19 , 282. 

Kohra, Ann. Physiky 1912, [4], 37 , 315. 

Bliimke, Wied. Anrmlen, 1884, 23 , 161. 

Timofeieff, Gompt. rend.y 1891, 112 , 1261. Raoult, ibid.y 1878, 87 , 167. 

Bourion and Rouyer, ibid.y 1923, 177 , 54; Salvador!, Gazzettay 1896, 26 , i, 237; 
Beckmann, Zeitsch, physikal. Ghem., 1890, 6 , 453, 460 ; Skinner, Trans. Ghem. Soc.y 1892, 
61 , 339. Landsberger, Zeitsch. anorg. Ghem.y 1898, 17 , 450. 

Dutoit and Friderich, Bull. Boc. chim.y 1898, [3], 19 , 321. 

** Kalilenberg, J. Physical Ghem., 1902, 6, 45 ; Werner and Stophani, Zeitsch. anorg. 
Chem.y 1897, 15 , 31, 

Werner and Stephani, ibid,y 30 ; Werner and Maiborn, ibid., 26. 

Castoro, Gazzettay 1898, 28 , ii, 317. 

Ch 6 noveau, Gompt. rend.y 1904, 138 , 1483. 

Schonrock, Zeitsch. physikal. Ghem.y 1893, ii, 762. 

Wagner, ibid.y 1890, 5 , 39. 

Grotrian, Wied. Annaleny 1883, 18 , 177 ; Ley, Zeitsch. physikal. Ghem.y 1899, 30 , 
247 ; Ley and Kissel, Ber.y 1899, 32 , 1358 ; Kahlenbt^rg, J. Physical Ghem.y 1901, 5» 339. 

Fitzpatrick, Phil. Mag.y 1887, [5], 24 , 377. 
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alcohols,^ ether , 3 acetone,^'® acetamide,® ethyl chloride,’ and 
other organic solvents;^'® transport number;® and electrical 
endosmose.^® 

Mercuric chloride is soluble in hydrochloric acid, possibly with 
compound formation . \ study of the heat evoh ed seems to sup- 
port this view,^® and solid crystalline compounds of mercuric chloride 
with hydrochloric acid have been obtained- - lor exam[)](‘, ilgCl2.2HCl, 
HgClgilCh^^ and, according to I)itte,i** HgCIg/iHCl.rUaO, allgClg. 
4HCI.I4H2O, 2 lIgCl 2 .HC 1 . 0 ll 2 O, 4HgCl2.2HCl.9H2O, and aHgClg.HCl. 
5H2O. It has been suggested that the compounds formed are to be 
regarded as complex acids of formula’ I^HgCly), H2(Hg(l4), etc.^® 
The following values hav(‘ been given for the solubility in hydrochloric 
acid solution : 


Milli-equivalents in 

10 c.c. of Solution. 

Ih'nsity. 

(irm. of Water. 

HgCl,. 

H(J1. 

9-7 

4*3 

M17 

9-704 

19*8 

9-9 

1-238 

9-340 

35 5 

17-8 

1 -427 

8-81C 

08-9 

32 25 

1-811 

7-714 

85-5 

41-5 

2-023 

7-131 

95 675 

70-875 

2-198 

6-481 


Double Salts. -MoTcunc chloride dissolves more readily in solutions 
of a number of chlorides than in water, due to the formation of complex 
salts in which mercury enters into the anion. The evidence obtained 
from measurements of the distribution ratio of mercuric chloride 
between sodium chloride solution and benzene,^® ebullioseo})ic deter- 
minations of the molecular weights of sodium, potassium, or ammonium 

^ Arrhenius, Zeitsch. phyaikal. Ckem., 1892, 9 , 493. 

* Fitzpatrick, loc, cit. 

® Cattaneo, Atti B. Accad. Lincei, 1893, [5], 2 , i, 295. 

* Shaw, J. Physical Ghem.y 1913, I7» 192. 

** Laszczynski, Zeitsch. Elektrochem.y 1896-9(5, 2 , 65. 

® Walker and Johnson, Trans. Chem. Soc., 1906, 87 , 1697. 

’ Eversheim, Ann. Physiky 1902, [4], 8 , 5(54. 

8 Kahlenberg and Lincoln, J. Physical Chem., 1899, 3 , 12 ; Brunor, Kozak, and 
Mariasz, Ber.y 1903, 36 , 3297. 

» Hittorf, Pogg. AnnaUny 1859, 106 , 524 ; Morse, Zeitsch. physikal Ghem.y 1902, 41 , 728. 

von Elissafoff, ibid.y 1912, 79 , 399. 

Ditte, Ann. Ghim. Phys., 1881, [5], 22 , 551. 

12 Engel, ibid.y 1889, [ 6 ], 17 , 362. 

*8 Berthelot, ibid., 1883, [5], 29 , 231. 

Neumann, Monatsh.y 1889, 10 , 236. 

See also Boullay, Ann. Ghim. Phys.y 1827, [2], 34 , 343. 

Le Blanc and Noyes, Zeitsch. physikal. Ghem.y 1890, 6 , 389. 

See also Ditte, he. cit. 

'8 Le Blanc and Noyes, he. cit. ; Richards and Archibald, Zeitsch. physikal. Ghem.y 
1902, 40 , 386 ; Sherrill, ibid.y 1903, 43 , 705 ; 1904, 47 , 103 ; Zeitsch. Ekktroch-em.y 1903, 
9 , 649 ; Abegg, Immerwahr, and Jander, ibid., 1902, 8 , 688 ; Herz and Paul, Zeitsch. 
anorg. Ghem.y 1913, 82 , 431. 

Linhart, J. Amer. Ghem. Soc.y 1916, 38 , 1272. 



2H6 


BERYLLIUM AND ITS CONGENERS. 


mercuric clilorides in solution,^ measurements of the heats of formation 
of a number of double chlorides in solution, ^ and a study of the absorp- 
tion spectra of solutions of mercuric chloride alon^ with other chlorides 
in alcohol or water, ^ indicates that no comph'x containing a hi^jfher 
proportion of the second chloride than M2lI^^Ul4 exists. Accordiiifj to 
Calzolari and Ta^diavini, compounds of double salts of mercury halides 
with hexamethylene tetraminc all show that they arc of the type 
Mlf^rCljj or M2lIgCl4.^ Double salts are formed with the chlorides 
of lithium,®’ ® sodium,®’ potassium,®’ ®’ ®’ am- 
monium ■'*’ an a(|ueous solution of mercuric chloride and 

ammonium chloride was known by the alchmeists as ml alemlmdh — 
substituted ammonium compounds,^® rubidium,**’ ^® ciesium,^’ 
calcium,® strontium,®’ barium,®’ beryllium,® mag- 
nesium,®’ zine,^^’ thallium, copper — there is also a 

triple salt with copper and potassium ^ 5 — ^old,^® ferrous iron,**^ cobalt,**^ 
ineludin^r com])lex cobalt salts containiji^r the nitrate or sulj)hate 
radicle, 2 ’ nickel, maii^ranese,^^ cerium, lanthanum, didyniium,^® 
yttrium, and erbium.®® Mailhe obtained compounds with the oxides 

1 Bourion and Rouyer, Compt. rend., 1924, 178 , 8(5. 

^ Varet, ihid., 189(5, 123 , 42J. 

« Oyniblc, Tran,s. Chew.. 80c., 1914, 105 , (558. 

^ Jjoy and Fisc;lit?T', Zeitsch. anorg. Ctu’m., 1913, 82 , 329 ; Shibata, Inouye, aiul 
Nakatsuka, J. Jap. Vhem. 80c., 1921, 42 , 983, see Chem. Aks., 1922, 16 , 2075. 

(Calzolari and Tagliavini, AUi R. Accad-. Lined, 1915, |5J, 24 , i, 925. 

“ Bonsdorff, Pogg. Annahn, 1829, 17 , 115. 

’ Linebarger, Arner. Chem. ./., 1893, 15 , 337. 

** llarth, Zdisch. ariorg. Chem., 1897, 14 , 323. 

Foote and Levy, Atner. Chem.. J., 1906, 35 , 236. 

Tourneux, Ann. Chim., 1919, [9(, ii, 225. 

Lassaigne, Ann. Chim. Phys., 1837, [2], 64 , 104; Voit, Annalen, 1857, 104 , 354; 
Jjinebarger, A^ner. Chem. J., 1894, 16 , 214. 

Harnmolsberg, Pogg. Annalen, 1853, 90 , 33. 

Boullay, Ann. Chim. Phys., 1827, {2J, 34 , 343 ; Berthelot, ibid., 1889, [5], 29 , 202 ; 
Ditle, Compt. rend., 1890, IIO, 1330; Tichoiniroff, J. Rasa. Phys. Chem. 80c., 1907, 39 , 
731 ; Benrath, Zdtsch. anorg. Chem., 1908, 58 , 258; Foote, Amer. Chem. J., 1910, 42 , 
620. 

Kane, Ann. Chim. Phys., 1839, [2], 72 , 380; Holmes, Chem. News, 1862, 5 , 351 ; 
Hirzel, Jahresber., 1853, 381 ; Thomson and Bloxam, I'rans. Chem. 80c., 1882, 41 , 379; 
dunes and Ota, Amer. Chem. J., 1899, 22 , 12 ; Strbmholm, J. prakt. Chem., UK)2, [2], 
66 , 441 ; Meerburg, Zeitsch. anx)rg. Chem., 1908, 59 , 136. 

Stromholm, J. prakt. Chem., 1902, [2], 66 , 518. 

(Jodeftroy, Jahresber., 1878, 238 ; Her., 1875, 8 , 11 . 

Wells, Amer. J. 8ci., 1892, [3], 44 , 221 ; Zeitsch. anorg. Chem., 1892, 2 , 402 ; Pen- 
held, ibid., 420 ; Amer. J. 8ci., 1892, |3J, 44 , 311 ; Foote, ^4wcr. Cheyn. J., 1903, 30 , 339 ; 
Foote and Haigh, J. Ayner. Chem. 80c., 1911, 33 , 459. 

Swan, Ayner. Cheyn. J., 1898, 20 , 613. 

Herz and Paul, Zeitsch. anorg. Cheyn., 1913, 82 , 433. 

Foote and Bristol, Amer. Chem. J., 1904, 32 , 246; Sohreinemakors, Chem. Weekblad., 
1910, 7 , 197. 

Bonsdorff, Pogg. Annalen, 1829, 17 , 247. 

Harth, Zeitsch. anorg. Cheyn., 1897, 14 , 323. 

Drucker, Zeitsch. Elektrochem., 1912, 18 , 236. 

(.'arstanjen, Jahresber., 1867, 280 ; Jorgensen, J. prakt. Chem., 1873, [2], 6, 86 ; Barlot 
and Pemot, Goynpt. rend., 1921, 173 , 232. 

Boned orff, Pogg. Anyialen, 1834, 33 , 81 ; Schreinemakers and Thonus, Proc. K. Akad. 
Wetensch. Aynsterdam, 1912, 15 , 472. 

Behrens, ibid., 1899, 2 , 163, see J. Chem. 8oc., 1900, 78 , Abs. ii, 213. 

Blorastrand and Krok, Ber., 187], 4 , 712. 

Marignac, Ann. Mines, 1859, [5], 15 , 272. 

Bonsdorff, Pogg. AnneUen, 1829, 17 , 136. 

Cleve, Bull. 8oc. chiyn., 1874, [2], 21 , 344. 
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of cobalt,^ nickel/ cadmium/ lead/ and coj)])cr/ There are two 
types of chromates of the general formula* M2Cr207.U^?Cl2, of which the 
ammonium and potassium salts are known, and M4Cr207Cl2-n^i:Cl 2.211 gO, 
of which the ammonium, })otassium, and rubidium salts have been 
described.^ A compound has been obtained with strontium chromate,® 
and has been found to contain also hydro(*hloric acid.® 

A compound of the composition H^<Cl2,2lIjjfS is formed by tlie action 
of sulphuretted hydrogen on mercuric chloride in various organic 
solvents.’^ 

Double salts with thallium nitrate,® and also with the chloro 
f)latinates of amines/ luivc been described. 

Compounds resulting from the Action of Ammonia on Mercuric 
Chloride, — The constitution of the lar^re number of compounds which 
arise throu^^h the interaction of mercury salts and ammonia, in the 
presence or absence of the corresj>ondin^r salts of annnonia, has been 
a much discussc^d question for the ])ast century. As the interest has 
centred chiefly round the halides, and csj)(*eially round the ehloride, it 
seems desiral)le at this point to sona* indi(‘ation of the theories 
most oenerally adopted. 

The best known compound obtained by the dirc'ct a(*tion of ammonia 
on mercuric chloride is the substance lon<^ kno>vn as “ hisible white 
precipitate,” or “ Wohler’s precipitate.” Tin* ammonia may be in 
the ^niseous or liquid form ; in concentrated aqueous solution, 
with/®' or without,^® ammonium chloride; or, finally, in solution in 
some organic solvent such as acetone,^® methyl or ethyl acetate, 
methylal,^® or pyridine.®® The compound may also be obtained by 
dissolvin;|T mercuric oxide in boiling ammonium chloride solution and 
allowing to cool.®^ Wohler }>reparcd it by precipitating a solution of 

^ Mailhe, Ann, Chim. Phyn.^ 1902, [7], 27, ,308; Cimipt. rrvd., 1901, 132, 1273. 

2 Mailhe, Ann. Chim. Phys., 1902, [7], 27, 371 ; CompL rend., 1901, 132, 1,300. 

^ Mailhe, ibid.^ 1901, 133, 220. 

* Stroiiiholni, Zeitsch. ammj. Chem., 1912, 75, 277. See also Darby, Aniutlrn^ 1848, 
65, 208; Wyrouboff, Jahre-sber., 1880, 309; .lager ami Kriiss, fivr., 1889, 22, 2043; 
Millon, Ann. Chim.. J*hys., 1840, (3], 18, 388. 

•'* Imbort and Belugon, Bull. Boe. chim., 1897, [3], 17, 471. 

® Belugou, ibid., 473. 

Naiimann, Ber., 1899, 32, 1000; Naumann and Kidmann, ibid., 1904, 37, 4335; 
Naumann and Alexcander, ibid., 3002; Naumann and Bezold, ibid., 1909, 42, 3794; 
Naumann and Hcnningcr, ibid., 1910, 43, 315. 

® Bergman, Henke, and Isaikin, J. Rush. Phys. Chan. Boc., 1923, 54» ^^hem. 

Soc., 1923, 124, Abs. ii, 704. 

® Stromholm, Zeitsch. anorg. Chem., 1923, 126, 129. 

Holmes, Trans, Chem. Soc., 1918, 113, 74. 

Andre, Compt. rend., 1899, 108, 2,33, 290. 

12 Weyl, Pogg, Annalen, 1807, 131, 547 ; Franklin and Kraus, Amer. Chem. J., 1900, 
23, 300 ; Franklin, J. Anne/r. Chem. Soc., 1905, 27, 820. 

^2 Mitscherlich, J. prakt. Chem., 1840, [1], 19, 455. 

Stromholm, Zeitsch. anorg. Chem., 1^8, 57, 72. 

Gaudechon, Ann. Chim. Phys., 1911, [8], 22, lOT*. 

Naumann and Muller, Ber., 1904, 37, 4335. 

Naumann and Bezold, ibid., 1909, 42, 3794. 

Naumann and Hcnninger, ibid., 1910, 43, 315; Naumann and Alexander, ibid., 

1904, 37, 3603. 

Naumann, ibid., 1899, 32, 1000. 

Naumann and Schroeder, ibid., 1904, 37, 4609 ; Schroeder, Zeitsch. anorg. Chem., 

1905, 44, 1. 

Rammelfiberg, J. prakt. Chem., 1888, [2], 38, 568, See also Andr^, Compt. rend., 
1891, 112, 859. 
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sal aletnhroihy that is a double salt of mercuric chloride and ammonium 
chloride, by potassium hydroxide in the cold.^ 

The first product of the action of water on fusible white precipitate 
is “ infusible white precipitate,” ammonium chloride being eliminated. 2* ^ 
It may be prepared by precipitation of mercuric chloride solution 
with excess of aqueous ammonia.^’®*® The presence of ammonium 
chloride tends to inhibit the reaction, or rather to transform the com- 
pound into fusible white i)recipitate,’' ® and Franklin has shown 
that the two compounds are in equilibrium with a 0-49Ai^ solution of 
ammonium chloride.^®' A certain amount is also obtained in the 
formation of fusible white precipitate by the action of liquid ammonia 
on mercuric chloride. Another method of jireparation of infusible 
white precipitate is by tlie action of sodamide on mercuric chloride. 

By the j^rolonged hydrolysing action of water on the white pre- 
cipitates, a yellow powder is obtained which is known as the chloride 
of Millon’s base.’- The same com})ound may also be obtained by the 
action of dilute hydrochloric; acid on Millon s base,’- or of ammonium 
chloride on an a(]ueous solution of mercury acetamide, or, probably, 
by the action of dry ammonia on the oxychloride IlgClg.^IIgO.^® 

According to th(‘ views originally put forward by Rammelsbcrg ’ 
on the basis of Hofmann’s work on the substituted ammonias,^’ and 
sanctioned by a large number of investigators,®- all mercury- 

ammonia comj)ounds arc regarded as substituted ammonium compounds 
of one single type, namely, those in which the four hydrogen atoms in 
the ammonium group are replaced by two mercury atoms, making the 
group NHg 2 a constituent of all the compounds. The three com- 
pounds mentioned are hence formulated : fusible white precipitate, 
NHg2C1.3NH4Cl ; infusible white precipitate, Nrig 2 Cl.NH 4 Cl ; and the 
chloride of Millon’s base, NIIg2Cl.H20, Millon’s base itself being NHggOH. 
xHgO. The justification for these formuhe is based largely on the fact 
that fusible and infusible white precipitate lose ammonium chloride 
when treated with water, or ammonia with potassium hydroxide. 
Gaudechon ®- also maintained that the thermal relations in the 

1 See Kane, Ann. Chim. Phys., 1839, [2], 72, 380. * Gaudechon, he. cit. 

® Franklin, Amer. Chem. J., 1912, 47, 369. 

* AndrtS Compt. rend., 1899, 108, 233, 290. ^ Stromholm, he. cit. 

« Kane, Phil. Mag., 1836, [3], 8, 495; Annalen, 1836, 18, 135; 1838, 26, 195; Sen, 

Zeitsch. anorg. Chem., 1903, 33, 197 ; Saha and Choudhuri, ibid., 1914, 86, 225 ; Millon, 
Ann. Chim. Phys., 1846, [3], 18, 419 ; Balestra, Oazzeita, 1891, 21, ii, 294. 

Rammelsbcrg, J. prakt, Chem., 1888, [2], 38, 558. 

** Gaudechon, Compt. rend., 1907, 145, 142. 

• Gaudechon, Ann. Chim. Phys., 1911, [8], 22, 167. 

Franklin, J. Amer. Chem. Soe., 1907, 29, 40. 

“ See also Gaudechon, he. cit. 

Franklin, J. Amer. Chem. Soe., 1905, 27, 820 ; Zeitsch. anorg. Chem., 1905, 46, 25. 

Kane, Annalen, 1836, 18, 288 ; Phil. Mag., 1837, [3], ii, 428 ; Andr6, Compt. rend., 
1889, 108, 1108, 1164; Pesci, Zeitsch. anorg. Chem., 1899, 21, 361; Stromholm, ihid., 
1908, 57, 72; Hofmann and Marburg, Annalen, 1899, 305, 194. For an account of 
Millon’s base, see under Mercuric Oxide. 

1* Hofmann and Marburg, he. cit., 211. 

18 Fiirth, MonaUh., 1902, 23, 1147. 

1* Ullgren, Annalen, 1838, 26, 208. 

i'^ Hofmann, J (thresher., 1856, 408. 

18 Gaudechon, Compt. rend., 1908, 146, 177. 

18 Pesci, Oazzetia, 1889, 19, 609 ; 1890, 20, 486 ; Zeitsch. aruyrg. Chem., 1899, 21, 361 ; 
R&y, ihid., 1903, 33, 193 ; Trans, Chem. Soc., 1902, 81, 644 ; Balestra, Oazzetta, 1891, 
2Z, ii, 294 ; Baffo and Soarella, ibid., 1916, 15, i, 123. 
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formation of these compounds offer confirmation of Rammelsberg’s 
formulae, although he preferred to express the white precipitates, not 
as ordinary double salts, but as complex salts on the analogy of 

/Cl /Cl 


the chloroplatinates, SHCLNITga^^ and HCl.NHga''^ respec- 

\3NII3 \NH3 

tively.^ The most serious rival to the Rammelsberg-Pesci theory is 
that put forward by Franklin.^ This is in reality a modified and 
extended form of Kane’s old amide theory with regard to the con- 
stitution of these compounds.^ Franklin regards ammonia as behaving, 
in many circumstances, in a manner exactly analogous to w^ater. 
Thus we may have ammonia of crystallisation instead of water of 
crystallisation, and ammonolysed instead of hydrolysed salts. As the 
result of an ammonolytic action, ammonia acts upon the salt similarly 
to wfiter, removing the acid radich‘ to form ammonium salts instead 
of the free acid, and substituting one of the ammonia residues, ::iN, 
=N1I, or — NH2, for the acid radicle removed. On this view all mereury- 
ammonia compounds are to be divided into three classes : {a) Those 
containing ammonia of crystallisation, of which fusible whit(‘ precipi- 
tate, with a formula IIgCl2.2Nll3, is an cxam])le ; (b) ammonolysed or 
ammonobasic compounds, of which infusible white precipitate may be 
taken as an example, since, in the presence of water, we get mercury 
chloroamide or amidoehloride from fusible white precipitate. 


IIgCl2+2NIl3-HgNIl2Cl I NH,C1 ; 


(c) compounds which are both ammonolysed and hydrolysed, or mixed 
arnmonobasic-hydrobasic salts, of which there is a large number of 
examples. P’or the best known of these, the chloride of Millon’s base, 
Franklin proposes the formula IIO.Hg.NlI.IlgCl, since it may be formed 
by the action of acid on Millon’s base, to which he giv^es the formula 
HO.Hg.NH.HgOII. A strong argument in favour of Franklin’s view 
may be based on the fact of the formation of similar compounds with 
substituted ammonias, of which a large number have been studied, 
namely, compounds with hydroxylamine,^ hydrazine,^ alkylamines,®- 
aromatic amines,’*® pyridine,® quinoline,^® ethylene diamine, and 
thiocarbamide,^® as well as compounds of the double chlorides of 


1 Gaudechon, Ann, Chim. Phys., 1911, [8], 22, 244. 

* Franklin, Zeitsch. anorg. Chem., 1905, 46, 1 ; ./. Amer. Chem. Soc,, 1905, 27, 820 ,* 1907, 
29, 36 ; Amer, Chem, J., 1912, 47, 361. 

^ Kane, Ann. Chim, Phys,, 1839, [2], 72, 337. 

* Adams, Amer, Chem, J., 1902, 28, 198. 

® Curtins and Schrader, J, prakt, Chem,., 1894, [2], 50, 332 ; Hofmann and Marburg, 
J5er., 1897, 30, 2019 ; Anitmlen, 1899, 305, 191. 

® Stromholm, Zeitsch, anorg. Chem., 1908, 57, 72 ; Raffo and Scarella, Qazzetta, 1915, 
45, i, 123. 

^ Ray and Dhar, Trans, Chem. Soc,, 1913, 103, 3. 

® Forster, Ber., 1874, 7, 294 ; Fiirth, Mo^tatsh., 1902, 23, 1147 ; Pesci, Zeitsch, anorg. 
Chem., 1897, 15, 226 ; Andr6, Compt. rend,, 1891, 112, 995 ; Kohler, Ber., 1879, 12, 2208. 

® Naumann, Ber., 1904, 37, 4609 ; Schroeder, Chem. Zentr,, 1904, ii, 454 ; Staronka, 
J. Chem. 80 c., 1910, 98, Abs. i, 876 ; McBride, J. Physical Chem., 1910, 14, 189; Werner, 
Zeitsch. anerrg. Chem,, 1897, 15, 1 ; Monari, Jahresber., 1884, 629 ; Pesci, Qazzetta, 1896, 
25, ii, 429 ; Lang, Ber., 1888, 21, 1686. 

Pesci, Qazzetta, 1896, 25, i, 394. 

Sobering, J. Chem, Soc., 1902, 82, Abs. i, 348. 

« Rosenheim and Meyer, Zeitsch. anorg. Chem,, 1906, 49, 13 ; Claus, Ber., 1876, 9, 226 ; 
Maly, ibid., 172. 
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mercuric chloride with hcxamethylcnc tctramine.^ Hofmann and 
Marbur^r^ have ])ointed out that, considering;, for examj)lc, the mono- 
ethylamine anaJo^juc of infusible white precipitate, which, on treatment 
with hot water, ^iv(*s a yellow residue corn}>arable with the chloride of 
Millon’s base, it can only l)e formulated as NIlCgUgH^^Cl — that is, in 
accordance with Franklin’s theory. To reduce it to a formula analogous 
to NIIg2Fl-Nli4Cl would involve too drastic a transformation of the 
amino group. Further, Strdmholm has suggested^ that, if Rammels- 
berg’s formula holds, it should be })ossible to prepare double salts similar 
to fusible and infusible precipitate in which ])otassium chloride is 
substituted for ammonium chloride. This is not the case, however, a 
circumstance which favours Franklin’s theory. 

Saha and Choudhuri ^ find that hydrofluoric acid acts uj)ou^ infusible 
white precipitate, giving a mixture of mercurit! chloride, mercuric 
fluoride, and ammonium fluoride, which seems to indicate that the 
chlorine is combined with the mercury. With ])Iatinie chloride it 
forms a yellow crystalline precipitate which has the composition 
NIl2HgCl.PtCl4. If infusible white ])recipitate were a double salt 
of ammonium chloride, the emj^irical formula would j)robably be 
2NH2lIgCI.PtCl4. These two reactions apjicar to offer additional 
evidence in confirmation of Franklin’s view. 

Franklin’s method of ]>reparation of infusible white precipitate,^ 
by the action of sodamidt^ on mercuric chloride, is also in favour of 
the formula NllgllgPl, since 

NH2Na+CingCl-NIT2HgCl+NaCl. 

FurtJier Properties of some of the Mercury- Ammonia Compounds . — 
Fusible white precipitate melts when heated and decomposes, giving 
nitrogen, ammonia, calomel, and ammonium chloride.® Infusible 
white precipitate gives nitrogen, ammonia, and calomel, with a little 
ammonium chloride, but without melting.’’® Infusible white pre- 
cipitate is soluble in mineral acids.^’ ®’ ® When precipitated from 
mercuric chloride solution by ammonium phosphate it is soluble in 
excess of the latter.^® It is vigorously attacked by the halogens and 
sulphur, and is reduced by arsenic trisulphide and hypophosphorous 
acid.^® The chloride of Millon’s base is a yellow ])owder, which is decom- 
})osed by heat into ammonia, water, mercury, calomel, and nitrogen, 
the water not being given off until 180 ° C. is reached, when, however, 
complete decomjwsition takes place. 


^ Calzolari and Tagliavini, Atti R. Acad. Lincei, 19] 5, [.'5J, 24 , i, 925; Quercigh, 
J. Chem. Roc., 1919, 116 , Abs. i, 523. 

* Hofmann and Marburg, Annalen, 1899, 305 , 191 ; Zeitsch. anorg. Chem., 1900, 23 , 126. 
“ Stromholm, ibid., 1908, 57 , 72. 

^ 8 aha and Choudhuri, ibid., 1914, 86 , 225. 

^ Franklin, J. Amer. Chem. Soc., 1905, 27 , 820 ; Zeit^ch. anorg. Chem., 1905, 46 , 25. 

® Kane, Ann. Chun. Phys., 1839, [2], 72 , 380. 

’ Sen, Zeitsch. anorg, Chem., 1903, 33 , 197 ; Kane, Phil, Mag., 1836, [3J, 8 , 495. 

® Fourcroy, Ann. Chim., 1792, [1], 14 , 47. 

• Kosman, Ann. Chun. Phys., 1848, [3], 27 , 238. 

Carnegie and Burt, Chem, News, 1897, 76 , 174. 

von Sohwarzenbach, Ber., 1875, 8 , 123i ; Fltickigcr, ibid,, 1875, 8 , 1619. 

Reichard, ibid,, 1897> 30 , 1916. 

Howard, J. Soc. Chem, Ind., 1904, 23 , 152. 

** Sen, loc. dt. 

Hofmann and Marburg, Annalen, 1899, 304 , 214. 
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Many more compounds of all three types have been described, 
including HgClg.NHg,^ 2HgCl2.3NH3,2 ;3HgCl2.2NIl3.3 
and similar compounds of the double salts of mercury with zinc® and 
cobalt,® IlggClaNHa,®’ ’ NHggCl,® and Hg4N2H20Cl2.® Still other 
eom}>ounds have been mentioned, but it is probable that many of them 
are mixtures, especially the basic compounds.^® 

Reactions of Mercuric Chloride with other Compounds of the Ammonia 
Type. — Hydrogen phosphide reacts with mercuric chloride, forming the 
compound PHggCl.HgClg, both anhydrous ^ and hydrated, and 
possibly other comj)ounds.^^ Similar arsenic? ciompounds have been 
prepared,^® and there are also compounds with the alkyl substitution 
produc*ts of phosphine, arsine,^® and stibine.^*^ 

Addition Compounds. Mercuric chloride forms addition c*om> 
pounds with a large variety of other substances besides ammonia. 
The existence of alcoholates has already been mentioned. There are 
also compounds with aromatic tcllurides,i® sulphine and tlietine 
chlorides,^® acetone, 2 ® aromatic nitro-compounds.^i ethylene and acety- 
lene or their derivatives,^^ unsaturated ketones, 2 ® and a number of 
other organic siibstanc'cs.^'* In many of these cases the double crom- 
pound is not stable, and a further reaction takes place with the? removal 
of one halogen atom. 

' Naumann, Ber.^ 1899, 32 , 1000 ; Rose, Pogg. Annalen, 1830, 20 , Jr> 8 . 

2 Varet, Compt. rerid., 1889, 109 , 941. 

^ Holmes, Trans. Chem. Soc.^ 1918, I13, 74. 

* Franklin and Kraus, Amer. Chem. J., 1900, 23 , 300. 

® Andre, Compt. rend., 1891, 112 , 995. 

® Werner and Klein, Zeitsch. artorg. Chem.., 1897, 14 , 40; 01aud<s Ann. Chim. Phys., 
18^)1, [31,33, 491. 

’ Millon, ibid,, 1846, |3J, 18 , 392; Balestra, Gnzzetta, 1891, 21 , ii, 298; Stromholni, 
Zeitsch. anorg. Chem., 1908, 57 , 72. 

* Weyl, Pogg. Annalen, 1867, 131 , 524; Rammelsberg, J. 2 >ralct. Chem., 1888, [2], 38 , 
558 ; Andre, Co 7 tipt. rend., 1889, 108 , 1108. 

® Andrei, ibid., 1889, 108 , 1110, 1164 ; Sen, Zeitsch. anorg. Chem., 1903, 33 , 206; Kay, 
TrayuH. Chem. 80 c., 1902, 81 , 646. 

A descriptive catalogue of the mercury-ammonia compounds has betm given by 
Franklin, J. Amer. Chem. 80 c. , 1907, 29 , 35. 

Parthcil and van Haaren, Arch. Phartn., 1900, 238 , 28. 

** Lemoult, Compt. rend., 1907, 145 , 1175. 

Rose, Pogg. Annalen, 1837, 40 , 75. ** As(jhan, Chem. Zeif., 1886, 10 , 102. 

Parthcil and Amort, Ber., 1898, 31 , 594. 

Parthcil, Amort, and Qronover, Arch. Pharm., 1899, 237 , 127. 

Parthcil and Mannheim, ibid., 1900, 238 , 166. 

Lederer, Ber., 1914, 47 , 277. 

Strdmholm, J. prakt. Chem., 1902, [2], 66 , 423. 

Aten, Zeitsch. physikal. Chem.., 1905, 54 , 121. 

Mascarelli, Atti R. Accad. Lined, 1908, |5|, 17 , i, 29. 

Keiscr, Amer. Chem. J., 1893, 15 , .537; Biginelli, Ann. Farm,. Chim., 1898, 16; 
Hofmann and Sand, Ber., 1900, 33 , 1340, 1353 ; Hofmann, ibid., 1904, 37 , 4459 ; Biltz and 
Mumm, ibid., 1904, 37 , 4417; Biltz, ibid., 1905, 38 , 133; Manchot, ibid., 1921, 54 B, 
571 ; Annalen, 1918, 417 , 93; Manchot and Haas,. 1913, 399 , 123: Manchot and 
Kliig, ibid., 1920, 420 , 170 ; Sajid and Breest, Zeitsch. physikal. Chem., 1907, 59 , 424 ; 
Brame, Trans. Chem. 8 oc., 1905, 87 , 427 ; Chapman and Jenkins, ibid., 1919, 115 , 847 ; 
Jenkins, ibid., 1921, 119 , 747. 

Vorlander and EicWald, Ber., 1923, S 6 B, 1150. 

Sand and Hofmann, ibid., 1900, 33 , 1358 ; Sand and Singer, ibid., 1902, 35 , 3170 ; 
Biilmann, ibid., 1900, 33 , 1641 ; Dimroth, ibid., 1902,35, 2040; Hofmann and Seiler, ibid., 
1906, 39 , 3187 ; Ville and Astre, Compt. rend., 1900, 130 , 837 ; Bougaiilt, J. Pharm. Chim., 
1900, [ 6 ], H, 97, 165 ; Sobering, J. Chem. Soc., 1902, 82 , Abs. i, 348 ; Straus and Blanken- 
hom, Annalen, 1918, 415 , 232; Bernard], Oazzetta, 1919, 49 , ii, 318; Olivieri -Mandalh, 
ibid., 1921, 51 , i, 125. 
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Mercurous Bromide, HggBrg.-- Bromine reacts directly with 
mercury, even in the dry state, ^ Init the reaction finally results in 
tlie formation of mercuric bromide. ^ Accordin^( to Berthelot, hydro- 
bromic acid reacts with mercury, slowly in the cold but more quickly 
when heated, to form mercurous bromide.^ It is also obtained by 
treating mercurous nitrate with liquid bromine,^ or by subliminjif a 
mixture of the theoretical quantities of mercury and mercuric bromide,® 
but it is most readily prepared by precipitating? a solution of mercurous 
nitrate with a soluble ))romide.^’ ^ 

It forms a white })owdcr similar to calomel, ^ or lon^ needles,® or, 
if dissolved in a hot solution of mercurous nitrate, it separates on cool- 
ing? as white tetra^?onal plates.^ The density is 7 ;i()7.® It sublimes 
without decomposition between 840'^ C. and 850° C., if rapidly heated.^ 
According? to Carnelley,® it volatilises completely at i05° C. without 
melting?. The vapour density of mercurous bromide is 1011 compared 
with air, and indicat(‘s either the simple formula II^Br, or, more ])rob- 
ably, decomposition into mercury and mercuric l)roniide.^® The mole- 
cular wei^dit in fused mercuric bromide, as determined by the freezing- 
point lowering, corresponds with the formula HgaBrg.^^ The heat of 
formation from liquid mercury and liquid bromine is 491 Ual.^^ 

Mercurous bromide shows an orange fluorescence under ultra- 
violet light, and becomes black, especially if moist. Under direct 
sunlight it is also j)artially decomposed.^ 

The (‘onductivity of the solid salt has been determined,^® and has 
been found to })e greatly increased by the addition of 1 per cent, of 
j)otassium bromide. 

Hot hydrochloric a(hl blackens mercurous bromide, due to the 
se})aration of mercury.^ Hot, concentrated sulphuric acid dissolves it 
with the evolution of’ sulphur dioxide, and it is also slowly dissolved 
by hot, fuming nitric acid.^ Alkalies blacken it, owing to the separa- 
tion of mercury. 

Mercurous bromide is })ractically insoluble in water, the value for 
the solubility given by Sherrill being 7x10 ® grm.-molecules per litre 
at 25° C. The values obtained by otlier investigators, generally by 
electromotive force determinations, varj^ considerably.^^ Solutions of 

^ Shensiono, Trans. Cheni. Soc., 1897, 71 , 471. 

* Balard, Ann, Chim., Phys., 1826, [2], 32 , 360. 

** Berthelot, ibid.y 1856, [3], 46 , 492. See also Bailey and Fowler, Trans. Chem. Soc., 
1888, S 3 , 760. 

* Stroman, Ber.y 1887, 20 , 2822. ® Lowig, Mag. Pharm.y 1828, 23 , 7. 

* Henry, J. Pharm. Chim,y 1829, |2], 15 , .55. 

’ 8 aha and dhoudhuri, Zeitsch, anorg. Chem.y 1912, 77 , 41. 

* Karsten, PchweiggePs J,, 1832, 65 , 417. See Clarke, Constants of Nature, Part I 
(Macmillan & (k>.), 1888, p. 22 . 

® Camellcy, Trans. Chem. Boc., 1878, 33 , 277. 

Mitscherlich, Pogg. Annalen, 1833, 29 , 224. 

Beckmann, Zeitsch. anorg. Chem., 1907, 55 , 182 ; Gninchant, Compt. rend., 1909, 149 , 

479. 

Varot, Ann. Chim. Phys., 1896, [7], 8 , 94. See also Nemst, Zeitsch. physikal. Chem., 
1888, 2 , 25. From solid bromine and mercury it is 70 Cal. (Berthelot, Ann. Chim, Phys., 
1880, [ 6 ], 21 , 389), or 68*29 Cal. (Thomsen, J. prakt. Chem., i875, ii, 283). 

Wolff, Chem. Zeit., 1912, 36 , 1039. 

Pougnet, Compt. rend,, 1915, 161 , 348. Fritsch, Wied. Annalen, 1897, 60 , 309. 

Sherrill, Zeitsch. physikal. Chem., 1903, 43 , 728. 

Goodwin, ibid., 1894, 13 , 652 ; Bodlander, ibid., 1898, 27 , 61 ; de K, Thompson, 
J. Amer. Chem. 80 c., 1906, 28 , 762 ; Rolla, AUi R. Accad. Lincei, 1913, [ 5 ], 22 , ii, 104. 



MERCURY AND TT8 COMPOUNDS. 243 

the alkali halides have a decom[)osinfjf effect on the bromide similar to 
that on ealomel.^ 

When the salt is treated with eoneentrateci ammonia a black mass is 
formed containin^y free mercury, whilst the filtrate, evaporated in vacuo, 
leaves a white compound to wdiieh the formula NIf 2 .If^?Br.FI<y 0 . 2 H 20 
has been pfiven.^ Aceordinj;; to Driiee, however, mercury and ammonium 
bromide are formed, alon^r with the eomjxnmd NIl 2 lIi(Hr.** 

Colloidal Mercurous lironiide may be obtained by the action of 
bromine water on colloidal mercury.^ A water-soluble colloid may be 
prepared by precif)itatin^ mercurous nitrat(‘ solution with a soluble 
bromide in the presence of an organic colloid such as albumen or ^um, 
dialysing, and evaporatino- or preei]>itatin" by aeid.'» 

Mercuric Bromide, HgBrg, may be obtained by the action of an 
excess of bromine on mercury or mercurous bromide' ,* by treatin,i( a 
mixture of mereiirie nitrate and })otassium bromide in acpieous solution 
with alcohol ; by subliming? a mixture of men'urie sulj>liate and 
])otassium bromide ; ^ by shaking an excess of bromine with a solution 
of mercuric nitrate containing a little nitric acid ; ** or, linally, by treat- 
in^f mercury with bromine under water or alcohol. Kasley and 
Brann pref)ared ])ure mercuric bromide for atomic weij^ht determina- 
tions by passin^^ bromine vapour in a current of ])iire nitrojjfcn over 
mercury. 

The crystals are of rhombic form,^^ sej)aratin^ from aqueous solu- 
tion as ^listenin^ })lates and from alcoholic* solution as white needles.*^ 
They are isornorphous with yellow mercaarie iodide, forming? a continu- 
ous series of mixed (crystals with it, the minimum freezing-point beiu^ 
21 (hU C. at 59 per cent, of mc^rcuric bromide. A second rhombic 
form, isornorphous with mc'rcuric chloride, has been obtained from 
alcoholic solution. It has bcaai sug^estc'd that a third form exists, 
isornorphous with the real t('tra<^onal mercuric iodide, sin(*e the salt 
forms mixed crystals with this isomorph,^^ but no transition-point is 
reached, even at tem])eratures as low as - H3 5'' 

The molecular heat of formation of the solid from the licpiid elements 
is 40-() Cal., and if the bromine be* ^^aseous, 47*9 Cal.^^ The density at 
20" C. is 6 004 ±11*05,^'* but other values have been jriven.^® The 


1 Mailhe, Ann. Ohim. Phys., 1842, [3], 5 , 177 ; Ditto, Compt. rend., 1890, no, 1330 ; 
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Luezizky, Zeitach. Kryat. Min., 1909, 46 , 297. van Nest, ibid., 1910, 47 , 263 
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density of the molten salt at different temperatures has been deter- 
mined.^ Between 240*^' C. and 340° C. it is expressed by the formula 

= 5 • 1 1 6 —0 00338 (r -240 ), 

where 1 )^ is the density at the temperature 1 .^ The viscosity of the 
molten salt has also been measured.^ 

Johnson ^ives 236° C. as the meltin^^-point,® but values varying 
from 235°-236-5° C. have been found.^* ® The following values have 
been obtained for the vapour pressures at different temperatures^* : — ■ 

Temperature, ° C. . 162 206 233 247 276 290 306 818-5 

Pressure, mm. Hg . 3 29 88 136 293 413 597 764 

The boiling-point is 318° C. at 760 mm. pressure.^* ® The latent 

heat of fusion is 12-8 eal. per grm.^ or 13*9 cal. per grrn.^ The specific 
heat of the liquid salt is 0-068 and of the solid 0-052.^ The critical 
temperature is 1011° abs.^ 

The electrical conductivity of the eomj^ressed solid has been deter- 
mined.^® That of the molten salt is })ractically zero, even with the 
addition of a little potassium bromide.’®' ” When exposed to ultra- 
violet light, whether in the dry or moist state, the salt is very little 
affected. 

If mercuric bromide be heated with concentrated nitric or sulphuric 
acid, bromine vaf)our is given off,i2 but in the cold, sulphuric acid 
precipitates mercuric bromide. The salt is readily reduced to metallic 
mercury by alkaline hydrogen peroxide. 

The solubility of mercuric bromide in water is about 0 017 grrn.- 
molecules per litre at 25° C.i®- Somewhat variable values are 
actually found, probably due to hydrolysis, csj^ccially at higher tempera- 
tures.’® The a(jueous solution is said to be dceomf)osed by light, giving 
mercurous bromide and hydrobromic aci(l,i® but Berthelot stated that 
the action is due to the organic matter present in some pharmaceutical 
preparations. 2® The ionisation constant i® of mercuric bromide is 
6-5x10-1®. 
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Viard, Compt, rend., 1902, 135, 244. Kohn, Zeitsch. anorg. Chem., 1908, 59, 271. 
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Morse, ibid., 1902, 41, 731 ; Herz and Paul, Zeitsch. anorg. Chem., 1913, 82, 431 ; 
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The solubility in a number of organic solvents has been investi- 
gated. The solvents examined include alcohols, 2. 3 benzene, ^ itiethyl 
acetate,® ethyl acetate, 2* « acetone,’^ carbon disulphide,® aromatic 
nitro-cornpounds,® pyridine,^® and many other substances.'^’ The 
solubility in liquid sulphur dioxide has also been studied. The 
density of aqueous solutions, and the electrical conductivity of 
aqueous and alcoholic 1® solutions, have been determined. 

An acid salt, HgBrg.nilr, is known, and possibly also ngBr2.2HBr.^® 
Berthelot determined the heat evolved when mercuric bromide is dis- 
solved in different (ju antities of hydrobromie acid solution of constant 
concentration.^'^ 

Double Salts, ~lA\ie mercuric chloride, mercuric bromide is more 
soluble in solutions of halide salts than in pure water, due, no doubt, to 
the formation of a complex ion.^® This conclusion ap])cars to be con- 
firmed by thermoehemieal evidence.^® Double salts are formed with 
the bromides of lithium,^®’ 20 sodium, 1®’ 21. 22, 23, 24 potassium,^!’ 24. 25. 26 

ammonium,^®’ 23. 27 cjrsium,^® calcium,^®' 21. 24 strontium, 24. 25 

barium,^®’ 21. 23 , 24 magnesium,^®’ 2 «. 24. 29 zinc, ^®' 21 cadmium,^® thal- 
lium,®® lead,®^ ferrous iron, 21 cobalt,^® nickel,^® and manganese.^® 
There are also chlorobromides with sodium,22 potassium,®® ammonium,®® 
and CcTsium.®^ Mailhc has described compounds with the oxides of 

1 Dukolski, Zeitfich. arumj. Chem., 1907, 53 , 330. 

* Herz and Anders, ibid.^ 1907, 52 , 104. 

^ Herz and Kuhn, ibid.^ 1908, 58 , 159 ; 60 , 152 ; Rcindei*s, Zeitich. physikal, Chem.^ 
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^ Nauniann and Bez(dd, Bf r., J909, 42 , 3795. 
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copfiicr,^ zinc,^ cobalt,^ and nickel.^ A double salt with thallium 
nitrate has been prepared.^ 

By the action of sulphuretted hydro^jjen on mercuric bromide in 
alcoholic solution, a canary-yellow double salt, of the composition 
2H^^fS.II^Rr2, is obtained, but with excess of hydrogen sulphide the 
black sul])hide is formed.^ The same double compound may be 
precipitated in methyl ® or ethyl ® acetate. 

Compounds resulting from the Action of Ammonia on Mercuric 
/yn>m?V/c. ComjHmnds formed by the interaction of ammonia with 
mercuric bromide, similar to those obtained in the case of mercuric 
chloride, have lon/^r V)cen known.’ The bromine analo^ruc of fusible 
white })recipitate, II^Br2.2NH3, has been prepared by Pesci,® by the 
action of ammonium bromide on a com])ound to which he ^avc the 
formula obtained by the action of 

ammonia on a solutioji of mercuric bromide, (‘ither alone or mixed with 
ammonium bromide,^* or by the action of ammonia on mercuric 

bromide in ethyl ® or methyl acetate, or by boilin^r mercuric oxide 
with ammonium bromide solution. It is dillieult to obtain in the pure 
state, melts with (leeom})osition when heated, and dissolves in acid.® 
In aceordance with Hammelsber^'s theory, Pesci represents it as 
A double compound with copper has also been 

obtained.^® 

By the action of wat(‘r on the bromine analogue of fusible white 
j)recipitate, a bromine infusible white precipitate is formed.^*^’ 

The ])roduet of liirther hydrolysis, either by water or alkali, is not the 
bromide of Millon’s base, as mi^jht have been exj)ected, but dimercuri- 
ammonium bromide, obtained by the 

action of hydrobromie acid on MilJon’s bas(‘,^*^ or of potassamicie on 
mercuric bromide.^®’ Hofmann and Marburg have doubted the exist- 
ence of such salts in the anhydrous form.^^ It is a yellow compound 
which, by treatment with water, is partially transformed into mercuric 
oxide, and with ammonium bromide ^ives the compound H^Br2.2NIl3.^® 
Widman 22 carefully studied the equilibria in solutions contain- 


^ Mailhe, CompL rend.t 1901, 132, 1273. 
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ing ammonium bromide, ammonia, and mercuric bromide in varying 
proportions, and, in addition to the com])ounds already mentioned, 
has isolated two others, NlI(IIgHr )2 and llggN^Br^.i Hydrates of the 
compound NHg 2 Br Jiave also been described, NHggBr.HaO ^ 
2NHg2Br.H20,3’ ^ and there is a compound with mercuric bromide. 
2NHg2Br.IIgBr2/'» 

Compounds with hydrazine,’^ hydroxylamine,^ alkylamijies,’ and 
pyridine, quinoline, and aniliius® have been prepared. There are also 
com])ouiids of the dou})Je bromides with hexamethylene tetramine.® 

With hydrogen phosphide aeoin}>ound, PgHg^ Br 4 , has been obtained. 

There are various addition compounds with aromatic tcllurides,^^ 
acetylene, and ethyhme.^^ As in the eas(^ of the chloride, the addi- 
tion compounds with the hydrocarbons an^ unstable*, and tend to form 
condensation ju’oducts with the elimination of an atom of halogen. 

Mercuric Polybromides. Kxj)erim(‘nts to dettirmine the distri- 
bution of bromine between mercjjricf bromide solution and carbon 
tetrachloride indicate the existence in solution of a ])olybromide, 
HgBr^, and ])ossibly of still more highly brominated com])ounds.^^ 
The equilibrium between bromine and the doubhi salt, llgBr 2 . 2 KBr, has 
also been studied.^*'' 

Mercurous Iodide, Hg2l2* obtained by the direct union 

of mercury and iodine, if ground together in a mortar and, preferably, 
moistened with alcohol or some other iodiiu* solvent.^®* Yvon 

heated the two constituents together below 250'^’ Even with 

excess of mercury the ])roduet is always cditaminated with mercuric 
iodide, which may be (‘xtracted by hot alcohol or by a hot solution 
of sodium chloride. Mercurous iodide may also be obtained by grind- 
ing together mercury and mercuric iodide*, or calomel, iodine, 
and water.^^ Various precipitation methods have been em})loyed — for 
example, the action of f)otassium iodide on a slightly acid solution of 
mercurous nitrate, 26. 27. 28 qj. mixture of mercurous acetate 
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and pure sodium pyrophosphate solutions,^ or the action of a hot 
solution of potassium iodide on calomel.^ Mercury reacts directly with 
gaseous hydriodic acid, producing mercurous iodide,^ but not with 
hydriodie acid in solution. 

There was, for long, considerable doubt as to the colour of mercurous 
iodide, owing to the difficulty of obtaining it pure, since it is readily 
deeoinj)osed into mercury and mercuric iodide by many chemical re- 
agents — for example, halogen acids and alkali halides,^- ^ aniline,® 
j)henol,^ alcohol,® by heat,® and by light. The ])ure product 
forms yellow tetragonal leaflets, the green colour often ascribed to it 
being due to linely divided mercury, According to Yvon the 

crystals are rhombic. Several methods have been given for obtaining 
the pure yellow iodide : by the action of alkyl iodides on a mercurous 
salt ; by the addition of a concentrated alcoholic solution of iodine 
in the cold to a saturated mercurous nitrate solution ; by the action 
of hydroxylamine hydriodide on mercuric iodide below 0° C. ; by 
adding alcoholic j)otassium hydroxide to a boiling alcoholic solution of 
mercuric iodide ; by heating an alcoholic solution of aniline with 
mercuric iodide and treating the j)reeipitate with ether ; and by the 
action of methylene iodide upon mercury at about 200° (-. in a scaled 
tubc.^® The crystals show a strong double refraction.^® At higher 
tem])cratures, ]3robably above 100° C., the stable form is red, but no 
definite transition point has been found. It has, in fact, been said 
to change at temperatures as low as 70° but the change is not 

complete until about 245° C. is reached.®® Pressure also brings about 
the eliangc from yellow to red. 

The heat of formation from liquid mercury and solid iodine is given 
as 28-85 Gal.,®® but from the solid components 47-C Cal.®^ The density 
is ap])roximately 7-7,®® and the specific heat is 0-0395.®® The vapour 
density is rather less than theoretical,®^ but when dissolved in mercuric 
iodide the salt, according to the freezing-j^oint lowering, appears to 
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have the molecular formula Mercurous iodide melts with 

partial decomposition at 290° C.,^- ^ unless mixed with mercuric iodide 
in the molecular proportions of one to two, when no decomposition takes 
place. ^ It readily sublimes at lower temperatures.^ 

Mercurous iodide is oxidised by hot concentrated nitric acid and 
by hot sulphuric acid,® but is scarcely affected by hydrochloric acid 
vapour at hi^?h temperatures.^ The decomposing? action of alkali 
halide solutions has already been mentioned. 

The solubility in water is extremely small, of the order of 10 ® to 
l()~i® grm.-molocules per litre.® It is ])robable that hydrolysis takes 
place. The presence of alkali iodides increases the solubility, possibly 
throuf?h the formation of comj)lex compounds.^ Owing to the in- 
stability of mercurous iodide, there is much doubt as to its solubility 
in organic liquids,^® Aqueous ammonia decomposes Ilg 2 f 2 the 

formation of mercury and the diammoniate of mercuric iodide, the 
iodine analogue of fusible white precipitate, lIgl 2 . 2 NH;j.^^ There is 
probably a separation of mercury in a finely divided state. Rammels- 
berg obtained a black compound, which, on drying, (juickly lost ammonia 
and became green. In very dilute ammonia solution no action is 
observed, but with a large excess of ammonia Hehrend obtained 
the compound NIl 2 llg 2 l. Mercurous iodide is readily soluble in liquid 
ammonia.’^ It forms double salts with certain substituted ammonium 
iodides.^® 

Mercurous iodide has a therapeutic value. 

Colloidal Mercurous Iodide may be obtained in a stable form similarly 
to the chloride and bromide by treating a solution of mercurous nitrate 
with potassium iodide in the ])rc*sence of a protective colloid, and 
dialysing. Jly j)recqntating from solution by alcohol a solid colloid 
is obtained, and this may be redissolved in water. 

Hausmann preci])itate(l mercurous iodide by diffusion of mercurous 
nitrate through gelatinised ])otassium iodide solution, and obtained in 
the gelatine the banded structure known as Liesegang’s rings. At the 
same time some mercurous iodide was also formed. 

Mercuric Iodide, Hgl 2 , is said to exist in the natural state, but the 
evidence is not very strong.^® It is readily formed by triturating 
together mercury and iodine in the requisite proportions, either alone, 
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or moistened with a little water ^ or alcohol.^ The union is not quite 
complete, especially in the dry state, free iodine and mercurous iodide 
beinj[y present in the final ]>roduct.® Mercury in colloidal solution 
reacts with iodine to form a deep red colloidal solution of mercuric 
iodide, which ra[)idly deposits the salt.^ The salt may also be formed 
by the action of iodine on the oxides, or on different mercurous or mer- 
curic salts. ^ llydriodic acid reacts directly with mercury, 

and. if sullici(^nt excess b(i i)rcsent, mercuric iodide is formed.® With 
calomel also hydriodic acid ^ives mercuric iodide.® Solid potassium 
iodide in contact with solid mercuric chloride will react to ^^ive mercuric 
iodide, unless the materials are perfectly dry.® The a(;tion of alkyl 
iodides®’^® or methylene iodide on inercurie salts may result in 
the formation of mercuric iodide. 

The ordinary method of ])rej)aration is by ])r(^ci imitation from nuTcuric 
chloride solution by ])otassium iodide, j)referabiy in the })res(‘nee of 
ammonium chloride. Other mercuric salts may be used.*** 

The existence of two forms of mercuric iodide, red and yellow, is 
well known. The red, crystal lisin^^ in quadratic oetalu'dra, is stable 
at ordinary temperatures, and is a|)parcntly obtained when the iodide 
is formed directly from its elements. It has also been stated that, by 
crystallising^ from solution under certain conditions, the red form alone 
separates for (‘xample, from solutions of j>otassium iodide,^® zinc 
iodide,^® or hydrochloric; aeid.^’' According to more recent investiga- 
tions, however, it is always the yellow, orthorhombic; variety, unstable 
at ordinary temperatures, which separates out from solutions oJ‘ all 
kinds, either wii(*n formed by precipitation ^®* or when sini})ly crystal- 
lised from a solvent.^® It then changes with more or less rapidity 
to the red form. The change may be retarded to some extent by the 
presence ol* a protective colloid, for example, gelatin. Under a 
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viscous solvent, in the dark, the chaiiffc is also slow.’ Light acceler- 
ates the change from yellow to red.*- ® Yellow mercuric 
iodide, obtained by rapid evajmration of a solution, may be kept un- 
changed for a very long time if dust l)c excluded." The yellow \'ariety 
is always first formed when the vapour of mereuric iodide is condensed 
at any temperature.®’ ® 

As re^?ards the jsomor]>hism of mcreurie iodide with the other 
mereuric halidc\s, mixed crystals have been obtained eontainin^r iodide, 
chloride, and bromide, as well as the ])airs iodide and bromid(‘., and 

bromide and chloride, but not iodide and chloride. It is the yellow 

iodide, however, which enters into the formation of these mixed crystals, « 
althou^di, according to van Nest, it is also possible to obtain* mixed 
crystals of the reel iodide and bromide.^® Heinders obtained a con- 
tinuous series of mixed crystals of mercuric iodide and bromide. 

The red iodide is changed to yellow by heat.^‘^ Varying values for 
the transition temperature have been given, but the "most ])robable 
appears to lie between 127” C. and 12 S' i®* ^7. i«, lu Sj^ring 

noticed that pressure changes the yellow^ to tlie red forin.^® The 

transition temperature ris(‘s to about 180” C. at a [)r(\ssurc of 5000 kgm. 
per sq. cm., but is lowered by a further increase of })ressure.^^ Schwarz 
calculated that a [pressure of 100 atmospheres changes the transition 
temperature by 11” 

Interesting observations liave been made on the effect of extremes 
of tejnjierature on mereuric; iodide. Wlien the red variety is cooled 
it becomes first orange-red and then yellow’ at the; boiling-point of 
liquid air, 1®’ 22 yellow^ variety becomes W'hite.^® On heating 

yellow mercuric iodide above the transition temperature it begins to 
assume a reddish or orange tint at about 190” C.,^® and hnally melts to 
a dark red liquid. 2 ^ A comparison of the more recent 
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results of different investigators indicates that the melting-point is 
approximately 255° c. ® Smits,^*’ in accordance with his 

theory of allotropy, ascribes the changes iji appearance with tempera- 
ture to the formation of mixed rhombic crystals containing both 
yellow and red, or a- and j8-modifications, the proportion of the latter 
first decreasing with rise of temperature until the substance becomes 
yellow, and then increasing until it becomes red. At all times, there- 
fore, both forms arc present, but in varying proportions. In proof 
of this it is shown that, when mercuric iodide is heated to different 
temperatures, and then chilled in licjuid air, there are more red centres 
of crystallisation in the solid mass the higher the temperature reached. ^ 
Damiens ® contradicts this view, maintaining that the behaviour 
depends on whether the mercuric iodide is finely powdered or in large 
masses. In the latter case it all becomes red. In the former the small 
crystals increases in size with increase in t(‘m})erature, owing to volatility, 
and the final product is redder in proportion. 

A colourless form of mercuric iodide has been described.*^ It is 
obtained by heating the salt at about 300° 500° and then cooling 
under a sudden reduction of pressure. It condenses as a white snow- 
like mass consisting of colourless crystals, but almost immediately, at 
ordinary temperatures, it begins to form the red variety. At lower 
temperatures it is somewhat more stable. This is not to be confused 
with the white form obtained by cooling yellow mercuric iodide in 
liquid air. 

Most of the values given for the density of mercuric iodide lie be- 
tween (i*2 and 6*3.^^’ At the transition-point there is a sudden cx])an- 
sion, the density of the red form being 0*276 and of the yellow 6*225.^^' 
The molecular heat of formation of red mercuric iodide from licpiid 
mercury and solid iodine is 25*2 Cal., and of the yellow variety 22*1 
Cal., giving a heat ol‘ transformation from yellow to red of 3*1 Cal.^® 
Berthelot found 3*0 Cal.^^ Considerably lower values for the heat of 
transition have, however, been given by other investigators.^^* 

The specific heats of the red, yellow, and fused salts are, respec- 
tively, 0 0406, 0*0446, and 0*0554. ^®* At low temperatures, between 


* Smits, Proc. K, Akad, Wekmch. Amsterdam, 1917, 19 , 703. 
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blatt, ibid., 1913, 86 , 61. ® Damiens, Compt. rend., 1923, 177 , 816. 

* Tammann, Chem. ZeMr., 1917, i, 1065 ; Zeilsch. aruirg. Chem., 1920, 109 , 213. 
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Clarke, Constants of Nature, Part I (Macmillan & Co.), 1888, p. 35 ; Amer. J. 8 ci., 1878, 
[3], 16 , 401. 
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Berthelot, ibid., 1883, [ 6 ], 29 , 236. See also Thomsen, J. prakt. Chem., 1875, f 2 ], 11 , 
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Guinchant, Compt. rend., 1907, 145 , 68 . 

Schwarz, Zeitsch. Kryat. Min., 1896, 25 , 613; Bridgman, Proc. Amer. Acad., 1915, 

51 , 110 . 

See also Regnault, Ann. Chim. Phys., 1841, f3], i, 161 ; Schwarz (loc. cit.) obtained 
a higher value for the red than for the yellow variety. 
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— 78r2° C. and -183-3^ C., the specific heat is 0 0375.1 The latent 
heat of fusion is 12-4 (small) cal. per 

The following values have been found for the va])our pressure of 
mercuric iodide at different temperatures ® : — 

Temperature, ° C. . . 177 231 266 301 318 341 

Vapour pressure, mm. Hg 3 32 108 260 390 624 

By extrapolation to a vapour pressure of 760 mm. a boiling-point of 
351 C. is found. Prideaux gave values for the vapour pressure at 
higher temperatures ^ : — 

Temperature, ° C. . 297-5 321-9 341-3 350-8 353-7 356-8 360-5 

Vapour pressure, 

mm. Hg . . 232 404 598-5 720 760 SOI 861 

According to these determinations the boiling-point is evidently 
353-7® C.^ A certain amount of decomposition of tlie vapour takes place 
at high temperatures, with the produ<*tion of violet iodine vapour. At 
665® C. and 750 mm. about one-lifth is dissociated.*^ The molecular 
latent heat of vaporisation is 15-84 Ual.,^ or, according to Prideaux,^ 
14-7 Cal. The critical temperature is 797® C."^ 

The cryoscopic constant of mercuric iodide at high dilutions is 550.® 
According to Beckmann,® the molecular weight in iodine is normal, but 
Timmermanns stated that polymerisation takes place. 

The glow discharge in mercuric iodide vapour has beem studied. 
By comparison with the other mercury halide vapours it is seen that 
the cathode fall increases with the molecular weight of the compound. 

Ultra-violet light has little or no action on mercuric iodide when 
dry, but in the moist state a little yellow iodide is formed. Although 
not so readily affected as silver halides, merc'urie iodide is, however, 
sufhciently sensitive to light to form photographic emulsions.^® 

Mercuric iodide is vigorously attacked by fluorine in the cold, pro- 
ducing a fluoride, or fluoro-iodide.^^ Chlorine also decomposes it with 
the formation of mercuric chloride,^** but it is not affected by heating in 
a current of gaseous hydrochloric acid,^® and it dissolves in hot, concen- 


1 Barschall, Zeitsch. Elektrochem., 1911, 17 , 341. 

* Beckmann, Zeitsch. amrg. Chem., 1907, 55i 1^3 ; (luinchant {loc. cit.) gave 9-79 Cal. 
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® Troost, ibid., 1884, 98 , 807 ; Deville, ibid., 1866, 62 , 1157. 

’ Rassow, Zeitsch. anorg. Chem., 1920, 114 , 117; Kotinjanz and Suchodski {Zeitsch. 
physikal. Chem., 1914, 87 , 253) found 1072° ahs., that is 799° C. 

® Beckmann, Hanslian, and Maxim, Zeitsch. arwrg, Chem., 1914, 89 , 167. See also 
Guinchant, Compt. rend., 1907, 145 , 68 . 

® Beckmann, Zeitsch. anorg. Chem., 1912, 77 , 204. 

Timmermanns, J. Chim. phys., 1905, 4 , 170. 

Matthies, Ann. Physique, 1905, 17 , 675. 

Pougnet, Compt. rend., 1915, 161 , 348. 

Ltippo-Gramer, Kolloid- Zeitsch., 1913, 13 , 151 ; 1915, I5» 13 ; 1917, 21 , 77. See 
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« Filhol, J. Pharm. Chim., 1839, [ 2 ], 25 , 506. 

Hautefcuille, Compt. rend., 1867, 64 , 704, 
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trated hydrochJoric acid without decomj)o.sition.^ It is decomposed 
by hot, concentratt'd nitric acid with the liberation of iodine.^- ^ It is 
dissolved by a solution of bleaching powder with the separation of white 
f?elatinous basic calcium })eriodate.^ On treatment with pure sulphuric 
acid, or Nordhausen acid, partial decomposition takes place with the 
production of various compounds of mercuric iodide with mercuric 
sulphate.^ Mercuric iodide reacts with hydro<^en sulphide in alcoholic 
solution, and the compound Hg(SH^?I )2 may be obtained as an inter- 
mediate sta^^e in the production of mercuric sulphide.^ Under the 
action of various reducing agents, such as sodium arsenite,® hydrogen 
peroxide in alkaline solution, or sodium peroxide,® or various metals 
such as zinc, tin, bisjnuth, antimony,^ and potassium,'^ metallic mer- 
cury is formed. In other cases the reduction tends to stop with the 
formation of mercurous iodide — for example, in reduction by stannous 
chloride,® hypoj)hosf)horous acid,® and the metals iron, cadmium, lead, 
and copper.’^ 

The solubility of mercuric iodide in water is v'ery small, approxi- 
mately 0*06 grrn. per litre at 25*^ Kohlrausch gives the very 

much smaller value of () ()()2 milli-equivalents per litre, as determined 
by conductivity measurements.’^ Morse finds that, in normal 
mercuric nitrate solution, its solubility reaches 48 grin, per litre, from 
which he concludes that most of the halogen is j>resent as the Hgl’ ion, 
as is also shown by determinations of the transport number. lie 

obtained for the ionic equilibria the approximate values — 

0-4x10-1*; =2-5x10-1*; and Thus 

LHgla] 

the degree of ionisation is extremely small.’® Hydrolysis does not 
take place until a high temperature is reached, and then only to a very 
small extent. The solubility in aqueous solutions of various acids, 
such as hydrochloric, hydriodie, and nitric acid, has been determined.’^''* 

Mercuric iodide is much more soluble in organic solvents than in 
water. Ethyl alcohol dissolves about 2 f)er cent, at 25 C., the solu- 
bility being diminished })y water.’®* In methyl alcohol 

the solubility is a little higher.^’* Determinations of 


* Kohler, Ber,, 1870, 12 , 008. * Boclroux, Compt. rend., 1900, 130 , 1622. 

•** Rammolfiberg, Pogg. Annalen, 1842, 56 , 315. 
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ZeiUck. phyaikal. Chem., 1898, 27 , 58; Boxirgoin, Ann. Chim. Phys., 1884, [ 6 ], 3 , 429; 
Rohland, Zeitsch. anorg. Chem., 1898, 18 , 328. 
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Arotowski, Zeitsch. anorg. Chem., 1896, 9 , 184. 

Colin, Ann. Chim., 1814, [1], 91 , 254 ; Boullay, Ann. Chim. Phys., 1827, [2], 34 , 340 ; 
Saha and Choudhuri, Zeitsch. anorg. Chem., 1912, 77 , 46 ; Kohler, Ber., 1879, 12 , 608. 

Herz and Knoch, Zeitsch. an.org. Chem., 1905, 4 $, 266. 

Beckmann and Stock, Zeitsch. physikal. Chem., 1895, 17 , 130. 

Lobry do Bruyn, ibid., 1892, lo, 784. Rohland, he. cit. 

Bourgoin, he. cit. Sulc, Zeitsch. anorg. Chem., 1900, 2 $, 399. 

« Herz and Kuhn, ibid., 1908, 58 , 159. 

Herz and Anders, ibid., 1907, 52 , 164; 60 , 162. Orloff, Ghem. Zeit., 1906, 30 , 1301. 
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the solul)iIity have also been made in the higher alcohols,^* ^ 
and in a very lar^e number of other or^anie solvents.^’ 

The solubility in certain inorganic liquids has been studied — for example, 
phosphorus tribromide,® phosphoric oxyehloride,® arsenic tribromide, 
and also liquid sulphur dioxidc.^^ 

Masearelli ® has stated that both the red and yellow forms have the 
same solubility at any one temperature, and that the solubility curve 
shows no break at the transition-])oint. This seems to siq^port the 
conclusions of other investi^yators, namely, that the yellow form is the 
one in equilibrium with the dissolved salt, ^2. 13 i^iay be inter- 

preted as due to the lowering:? of the transition-))oint by the solvent . ^2 
According to Kastle and Clark, ^2 the red rnodilieation is not obtained, 
but only crystals of the yello'w% even when a red crystal is added to the 
supersaturated solution. In i^encral, the solutions of mereurie iodide 
are yellow, ’2 they may be coloured violet, red, or brown, due to 
slow deeom])osition into m(‘rcurous iodide and iodine, espe(‘ially under 
tlie inlluenee of lipfht.^'^ The molecular weijrht in different solvents, as 
determined by freezin^^-^*^ and boiling-point methods, indicates that, 
as already mentioiud in the ease of aqueous solutions, there is very 
little ionisation in these solvents, and that the salt in solution is mono- 
molecular. Results indieatintj: an apj)reciable dej^ree of ionisation, how- 
ever, have also been found. 

The density and magnetic rotation of solutions of mereurie iodide 
in different solvents, and the (‘lectrical condiurtivity in water, 
liquid ammonia, 2® ether, 21 pyridine, 22 methyl amine, 22 acetone, 2^ 
epichlorhydrin ,24 and other sol vents, 2 ^» have been dc^termined. 

An acid salt, in yellow needles of composition has been 

obtain (id. 2® 

^ Rohland, Zeitsch. anortj. 1898, 18, 328. ® Sulo, he. eit 

® Here and Kuhn, loc. cit. * von Laszczynwki, Her., 1894, 27, 2285. 
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Cfte/m. Zentr., 1904, ii, 454 ; Seliroeder and Stainer, J. jrrnkt. Chnn., 1909, [2], 79, 62 ; 
Naumann and Hamers, Her., 1910, 43, 316; Rosenfeld, ibid., 1880, 13, 1476; Reinders, 
Zeiheh. phynkal. Chem., 1900, 32, 506, 514, .521 ; Sherrill, ibid., 1903, 43, 735 ; Cautier 
and Charpy, Compt. rend., 1890, iii, 647; Mehu, J. Vharm. Chim., 1885, (5], ii, 249; 
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Zeitsch. anorg. Chem., 1912, 75» 176. Ka.stle and Clark, Anter. Chew. J., 1899, 22, 473. 
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Herz and Knoch, Zeitach. anorg. Chem,, 1905, 46, 460 ; Kahlenbcrg, J. Physical 
Chem., 1902, 6, 45. Sehroeder and Steiner, J. prakt, Chem., 1909, [2], 79, 62. 

Schonrock, Zeitsch. phyaikal. Chem., 1893, ii, 768. 

Kohlrausch and Rose, ibid., 1893, 12, 241 ; Fritsch, Wied. Anruilen, 1897, 60, 309. 
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Lincoln, J. Phyaical Chem,, 1899, 3, 457 ; Sachanoff, Zeitsch. phyaikal. Chem., 1913, 
83, 149. Fitzgerald, J. Physical Chem., 1912, 16, 621. Shaw, ibid., 1913, 17, 162. 

Lincoln, Zeitach. Elektrochem., \W(i, 6, ; Cattaneo, Atti R. Accad. Ltweei, 1895, 

[5], 4, ii, 63, 73 ; Gibbs, J. Amer. Chem. Hoc., 1906, 28, 1419. 

Neumann, Monatah., 1889, 10, 236. See also Boullay, Ann. Chim. Phya., 1827, [2], 
34, 340 ; Berthelot, ibid., 1883, [5], 29, 231. 



256 


BERYLLIUM AND ITS CONGENERS. 


Double Salts, -hike the other inercuric halides, mercuric iodide 
dissolves in various iodide solutions with the formation of complex 
iodides. In fact, among the halides, the tendency to complex forma- 
tion reaches a maximum in the iodide. The dissociation equilibria 
have been studied in certain eases. ^ Double salts appear to 
be formed with the iodides of lithium,®' ® sodium, ®' 
potassium,^' 2, 3, 4. 7. s. 9. 11. 12, 13, u ammonium,®' ^® rubidium,^® 
cfcsium,^^ calcium, ®' strontium, 2* is barium,^' 

magnesium,®' zinc,^' ®' 22* 23 cadmium,^®' ^3. 24 aluminium, 26 thallium, 
cuprous copper 22. 28, 29 — ammonia compounds of the double salt 
with cupric iodide are known —silver -this double salt is slightly 
sensitive to light, but less so than either of its constituents — 
ferrous iron,’*®^'^® cobalt,®® nickel,®® manganese,®^' ®^ and thorium.®'®® 
There are also double salts with other halides — for example, ammonium 
and rubidium bromides,®® and capsium chloride ®® and bromide.®®' ®’ 
Mercuric iodide also forms compounds with silver nitrate.®® 

* Sherrill, Zeitsch. physikal, Chein., 1903, 43 , 70.5 ; 19U4, 47 , 103. 

* Herz and Paul, ZviUch. miorg. Ghevi., 1913, 82 , 431. 
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J. Russ. Phys. Chem. Sov., 1900, 32 , 732 ; Bredig and Walton, Zeitsch. Eleklrochem., 1903, 
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Bergmann, J. Russ. Phys. Chem. Soc., 1921, 53, 181 ; J. Chem, Soc., 1923, 124 , Abs. ii, 

636 , 



257 


MERCURY AND ITS COMPOUNDS. 

There appears to be a compound mercuric ehloro-iodide, 
formed by the action of mercuric cliloridc solution on mercuric iodide, ^*2 
or by hcatinjr mercuric chloride with iodine in a sealed tubc.^ It 
apparently exists in two forms, red and yellow, the temperature of 
transition to the yellow form being 125° C., melting-point 158° C., 
and boiling-point 315° C.^ It is affected by ultra-violet light when 
moist.^ The formation of this compound has been denied, and mixed 
crystals only of the chloride and iodide said to be obtained.'*'^ No 
such compound is formed with mercuric bromid(t, but only an unbroken 
series of mixed crystals.^- ® 

Boullay described a seiscpii -iodide, IlgJe, but it appears to be only 
a mixture of mercurous and mercuric iodides which can be sej)ara.ted 
by etlier.® 

Compounds resulting from the Action of Ammonia on Mercuric Iodide, 
— By the action of ammonia on mercuric iodide in the dry state,®’ in 
benzene solution, in potassium iodide solution, or in cold acpieous solu- 
tion, a diarnrnoniate, Hgl 2 . 2 NIl 3 , (roriiparable with fusible white f)re- 
cipitate, is obtained. It forms white or yellow crystalline needles, 
which, on exposure to air, become red owing to loss of ammonia, 

It is immediately decomposed by excess of water. The compounds 
Ilglg.NH./^’ and 3Hgl2.4NIl3 have also been mentioned. Com- 
pounds of ammonia with various complex mercuric iodides have been 
described, namely, compounds with potassium, cuprous, cu})ric,^‘^'^® 
barium, cadmium, and zinc mercuric iodides. 

By the action of aqueous ammonia in small quantities at a time on 
the diarnrnoniate of mercuric iodide, the compound NJIgligI, analogous 
to infusible white precipitate, is obtained. The })rocess is rt'versiblo, 
the original compound being obtained by the action of ammonia and 
ammonium iodide on the product, that is, 

IIgl2.2NIl3^NH2llgI+Nnj. 

^ Boullay, Ann, Chim, Phys., 1827, [2], 34 , 360; Laroeque, J. Pharm. Chim., 184.3, 
[3], 4 , 15. 
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* Padoa and Tibaldi, ibid., i903, [5], 12 , ii, 158. 

® van Nest, Zeitsch, Krysi, Min., 1910, 47 , 263 ; Luezizky, ihuL, 1909, 46 , 297 ; 
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* Rose, Pogg. Annalen, 1830, 20 , 161 ; Fran 9 ois, ./. Pharm. Chim., 1897, [ 6 ], 5 , 388 ; 
Peters, Zeitsch. anorg. Chem,, 1912, 77 , 183. 

Colson, Compt. rend., 1892, 115 , 658. 

Fran 9 ois, ibid,, 1899, 129 , 290. 

Posci, Oazzetta, 1890, 20 , 485 ; Ijemoult, Compt. rend., 1901, I 39 > 478. 

Fran 9 ois, ibid., 1900, 130 , 332 ; Saha and Choudhuri, Zeitsch. anorg. Chem., 1912, 77 , 
44 ; but see Rammelsberg, Pogg. Annalen, 1839, 48 , 169 ; J. prakt. Chem., 1888, [ 2 J, 38 , 
565. 

Nessler, Jahreaher., 1856, 408. Rammelsberg, he. cit. 

Caillot and Corriol, J. Pharm: Chim., 1823, [2], 9 , 381 ; Bottger, J, prakt. Chem., 
1836, [1], 8 , 481 ; but see Pesci, GazzetUi, 1890, 20 , 485. 

Peters, Zeitsch. anorg. Chem., 1912, 77 , 156. 

Anderlini, Oazzetta, 1912, 42 , i, 321. 

** Jorgensen, J, prakt. Chem., 1870, [2], 2 , 351 ; I^ey and Wiegener, Zeitsch, Elektrochem,, 
1905, II, 590. 

Ephraim and Mosimann, Ber., 1921, 548 , 396. 

Eran 9 ol 6 , Compt, rend,, 1900, 130 , 1022. 
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The compound NHgHgT is a dirty white powder consisting of micro- 
scopic crystals which are insoluble in ether and do not redden in air. 

The iodide of Millon’s base, or “ Nessler’s precipitate,” which, in 
accordance with Franklin’s views, ^ should be formulated as HO.Hg. 
NH.Hgl, is obtained by the action of ammonia on an alkaline solution 
of mercuric iodide,^'® or of the double iodide of mercury and potass- 
ium.^® It forms a brown j)owdcr which is decomposed on heating 
at temperatures as low as 1G0° C., although the action is not rapid 
until a temjjcrature of about 400° C. is reached. Decomposition is 
accompanied by a violet luminescence.® 

By the continued action of concentrated aqueous ammonia, or, better 
still, of a 25 per cent, solution of sodium or potassium hydroxide, on 
the diammoniate, dimercuri-ammonium iodide, NHggT, is obtained.®*'^ 
When slowly formed by the first method it separates as a dark purple 
mass of crystals which, under the microscope, are a dark reddish 
brown by transmitted light. According to Francois, the hydrated 
compound, the iodide of Millon’s base, does not exist, and only this 
stable anhydrous compound is formed under all conditions. It has also 
been prepared by the action of liquid ammonia on mercuric iodide, and 
by the addition of potassamide to an excess of mercuric iodide dissolved 
in liquid ammonia.® Obtained in this way it forms a reddish-yellow 
precipitate soluble in ammoniacal solutions of ammonium salts. By the 
further action of potassamide it is converted into the nitride.® By 
the action of a solution of ammonia containing a large proportion 
of ammonium iodide, the dimercuri-ammonium iodide is partly recon- 
verted to the diammoniate.® Francois® has studied the equilibrium 
conditions. 

2(Hgl2.2NIl3)— NHgJ+3NIIJ. 

Compounds with substituted ammonias and other bases, and with 
their halides, have also been described, for example with hydra- 
zine,® alkylamines,^®’ arylamines, })yridine,^®’ quino- 

line,^^’ ^® nitriles, thiocarbamide,^® and others. The double iodides 
form compounds with hexamethylenetetramine.^® 

^ See Compounds resulting from the Action of Ammonia on Mercuric Chloride. 

2 Rammelsberg, he. cit. 

^ See Franklin, J. Amer. Chem. Soc.^ 1907, 29, 58. See also Weyl, Pogg. Annahn, 1867, 
131, 624. 

* Nessler, Jahresber., 1856, 410. ® Weiscr, J. PhyaicM Chem.y 1917, 21, 37. 

® Francois, Compi. rend., 1900, 130, 332. ’ Fran9ois, ibid.^ 1900, 130, 571. 

® Franklin, J. Amer. Chem. 80 c. ^ 1905, 27, 838 ; 1907, 29, 54. 

® Ferratini, Gazzetta, 1912, 42, i, 138. Francois, J, Pharm. Ghijn., 1906, [6], 24, 21. 

Batta, J. Amer. Chem. 80 c., 1913, 35, 949. 

Risse, Ammlen, 1868, X07, 223 ; Kohler, Ben, 1879, 12, 2321 ; Francois, Compi. 
rend.^ 1906, 140, 1697; 1906, 142, 1199; Schmidt and Krauss, Chem. Zenir.t 1907, ii, 
1693 ; Gibbs, J. Amer. Chem. 800 ., 1906, 28, 1419 ; Low, Zeitach. Kryat. Min., 1912, 51, 
138. 

Fran9ois, Compt. rend., 1903, 137, 1069. 

Staronka, BuU. Acad. 8 ci. Cracow, 1910, [A], 372 ; see J. Chem. 80 c., 1910, 98, Abs. i, 

876. 

Groos, Jahreaber., 1890, 960 ; Francois, Compt. rend., 1906, 140, 861 ; Mathews and 
Ritter, J. Chem. 80 c., 1917, 112, Abs. ii, 300 ; Schroeder, Chem. Zentr., 1904, ii, 464; 
Zeitach. anorg. Chem., 1906, 44, 16. 

Gemez, Ann. Chim. Phya., 1903, [7], 29, 423. 

Hartley, Trana. Chem. 80 c., 1916, 109, 1300, 1302. 

Rosenheim and Meyer, Zeitach. anorg. Chem., 1906, 49, 13. 

Calzolari and Tagliavini, AUi R. Ac^. Lined, 1915, [6], 24, i, 926. 
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Reactions of Mercuric Iodide with other Compounds of the Ammonia 
Type. — With hydrogen phosphide mercuric iodide forms the compound 
PHgjIg,^ and similar compounds have been obtained with arsenic 
and antimony hydrides. There are also addition compounds with 
alkyl-substituted phosphonium,^ arsonium,^ and stibonium^ iodides. 

Other Addition Compounds and Condensation Products, — ^Mercuric 
iodide forms compounds with aromatic tellurides,^ alkyl iodides and 
sulphides,® olefines,’ camphor,® ketones,® and other organic 
compounds.^® 

Mercuric Polyiodides. — The existence of solid polyiodides appears 
to be rather doubtful, although Jorgensen described a hexa-iodide 
which he obtained as unstable, brown, rhombic crystals, isomorphous 
with yellow mercuric iodide, by mixing warm solutions of alcoholic 
potassium tri-iodide and aqtieous mercuric chloride, and slowly cooling. 
The yellow mercuric iodide first formed gradually changed to the 
period! de. The crystals strongly absorbed polarised light. They were 
decomposed by alcohol or aqueous potassium iodide solution almost at 
once, with the formation of a red tri-iodide in the lirst case and complete 
solution in the second. They were even decomposed in time by cold 
water, and they lost iodine in the air.^^ 

A study of the distribution of iodine between mercuric bromide or 
chloride solutions and carbon tetrachloride indi(‘ates the existence of the 
compound HgBr 2 l 2 and IIgCl 2 l 2 »^^ and equilibria in aqueous solutions 
of iodine and the double iodide, Hgl 2 . 2 KI, have also been investigated.^® 

OXYHALOGEN COMPOUNDS OF MERCURY. 

Mercuric Oxyfluoride.^^— By the hydrolytic action of small 
quantities of water on mercuric fluoride a white hydrated oxyfluoride, 
Hg3F4(0Ii)2.3H20, has been obtained.^® An oxyfluoride is also said to 
be produced by the action of light on mercuric fluoride. The compound 
HgFg.HgO.HgO is possibly an intermediate stage in the preparation of 
the fluoride from mercuric oxide and hydrofluoric acid.^’ According to 
Cox, however, no true oxyfluorides have been obtained, only mixtures 
of the oxide and fluoride, and he has discussed the hydrolytic equili- 
brium between fluoride, acid, and oxide. ^® 

^ Lcmoiilt, GompL rend.^ 1904, 139 , 478. 

* Partheil and van Haaren, Arch. Pharm., 1900, [3], 38 , 28. 

® Partheil, Amort, and Clronover, ibid., 1899, [3], 37 , 127 ; Partheil and Amort, Ber., 
1898, 31 , 596. * Partheil and Mannheim, Arch. Pharm., 1900, [3J, 38 , 106. 

® Lederer, Ber., 1915, 48 , 1422. 

• Smiles, Tram. Chem. Soc., 1900, 77» ; Smiles and Hilditch, ibid,, 1907, 91, 1394 ; 

R&y, ibid., 1916, 109, 603 ; 1919, 115, 548 ; Ray and Guha, ibid., 1919, I15, 1154. 

7 Sand, Ber., 1901, 34 , 1385 ; Hofmann and Sand, ibid., 1900, 33» 1363. 

* Marsh and Struthers, Proc. Chem. Soc., 1908, 24 , 266, 267. 

• Gemez, Com.pt. rend., 1903, 137 , 255 ; MarsK^and Stnithers, Proc. Chem,. Soc., 1908, 
24, 266. 

Hofmann and Sand, Ber., 1900, 33 , 2692 ; Sand and Singer, ibid., 1902, 35 , 3170. 

Jorgensen, J. prakt. Chem., 1870, [2], 2 , 367. 

Herz and Paul, Zeitsch. aimrg. Chem., 1914, 85 , 214. 

van Name and Brown, Amer. J. Sci., 1917, [4], 44 , 105. 

** See Mercuric Fluoride. Ruff and Bahlau, Ber., 1918, 1752. 

Fr4my, Ann. Chim. Phya., 1856, [3], 47 , 38. 

Finkener, Pogg, AnnaUn, 1860, no, 628. 

Cox, Zcitach, anorg. Chem., 1904, 40 , 169 ; Abegg and Cox, Zeitach. phyaikal. Chem., 
1903» 46 , 7, footnote. 
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Mercurous Oxychloride. — The formula 
ascribed to the mineral eglestoniU.^ The mineral terlinguaite appears 
to be a compound ol’ mercuric oxide with mercurous chloride, 
2HgO.H^2^^2*^' ^ A compound of the same composition has also been 
prepared, in the form of small red prisms, by heatin^y mercurous chloride 
with mercuric oxide and water in a sealed tube for sixty hours at 
180^ CJ 

Mercuric Oxychlorides. — A naturally occurring mercuric oxy- 
cliloridc, of composition SlIgO.HgC^, is said to exist in the mineral 
kleinite.^‘ ^ More recent investigations, however, seem to indicate that 
it has the composition NHggCl.JHgO mixed with some sulphate and 
oxysulphatc.^' ® 

According to Schoch,® ten different compounds may be distin- 
guished, namely, one trimcreuric monoxy chloride, ‘illgClg.HgO, and three 
isomers of each of the following : trirnercuric dioxychloride, HgCl 2 . 2 lIgO, 
tetramercuric trioxychloride, HgClg-SlIgO, and pentamercuric tetroxy- 
chloride, IIgCl2.4lIgO.’' Still other compounds have, however, been 
described. The heats of formation of some of the compounds have 
been determined by Andre.® 

2 HgCl 2 .HgO is formed by boiling a solution of mercuric chloride with 
excess of mercuric oxide, decanting off the liquid, and allowing to 
crystallise between 40” C. and 50° C. The yellowish-white rhombic prisms 
obtained are mixed with mercuric chloride.® Similar processes have 
been described by others.®' According to Driot,^^ the compound 
formed depends on the concentration of the mercuric chloride, 2 lIgCl 2 . 
HgO being obtained in a 13-20 per cent, solution. It is also formed by 
the action of marble on a solution of mercuric chloride. 

HgCl 2 .HgO is formed by the action of a 30 per cent, mercuric 
chloride solution on mercuric oxide, by evaporating to dryness a 
solution of sublimate saturated with oxide and dissolving out the 
mercuric chloride with alcohol, by heating together the dry con- 
stituents,® by leaving a saturated solution of mercuric chloride in 
contact with marble,^® or by acting on mercury with hydrochloric acid 
vapour in presence of oxygen. It forms thin red crystals or a 
yellow powder. 

HgCl 2 . 2 HgO. — Both red and black forms of compound are known. 
The red, or a-moditication is obtained by the action of a cold saturated 
solution of potassium bicarbonate on six to ten volumes of a solution 
of mercuric chloride saturated at 15° Disodium phosphate or 

marble may be substituted for the bicarbonate. Schoch ® prepared 

1 Hillebrand and Sohaller, J, Afner, Chem, Soc,, 1907, 29 , 1180 ; Amer, J. ScL, 1907, 
[4], 24 , 269 ; U.8. Qeol. Survey^ 1909, Bull. 405. 

* Moses, Amer. J. Sci,, 1903, [4], 16 , 253 ; Zeitsch, Kryst Min., 1904, 39 , 3. 

* Fischer and von Wartenberg, Ghem. Zeit., 1905, 29 , 308. 

* Sachs, Sitzungsber. K. Akad, Wisa. Berlin, 1906, 1091. 

* Hillebrand, J. Amer. Ghem. Soc., 1906, 28 , 122 ; Amer. J. Sci., 1906, [4], 2I, 86 . 

® Schoch, Amer. Ghem. J., 1903, 29 ,. 332. 

’ Sec also Millon {Ann. Ghim. Phya., 1846, [3], 18 , 372), who mentions all but the first. 

* Andr 6 , Ann, Ghim. Phya^, 1884, [ 6 ], 3 , 116. 

* Roucher, ibid., 1849, [3], 27 , 353 ; Gompt. rend., 1844, 19 , 773. 

Thummel, Arch. Pharm., 1889, [3], 27 , 689. '' Driot, Gompt. rend., 191 T, 152 , 968. 

Arctowski, Zeitach, anorg. Ghem., 1895, 9 , 178. Tarugi, Qazzetta, 1901, 31 , ii, 313. 

Bailey and Fowler, Trans. Ghem. Soc., 1888, 53 , 760. kliilon, he, cit. 

1® Haack, Annalen, 1891, 262 , 188. 

van Nest, Zeitach, Kryst. Min., 1910, 47 , 271. 
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it by heating mercuric oxide with mercuric chloride, in the molecular 
proportions of two to one, in a sealed tube. Similar wet methods are 
employed for the production of the black or j 8 -varicty, but a smaller 
proportion of mercuric chloride solution is necessary.^' 2, 3 , 4 n jj, 
also obtained by the action of a dilute solution of mercuric chloride 
on excess of mercuric oxide, either red or yellow.^* 

According to Schoch, the black variety is formed in slightly alkaline 
solution and the red in slightly acid. Purple shades Ix iween black and 
red may be obtained by varying the conditions.^ \'olhard obtained 
the black variety by the action of sodium acc'tate on a saturated solu- 
tion of mercuric chloride. It may also be obtained b}^ heating the 
red form in the dry state. ^2 

A hemi-hydrate, consisting of an orange and a black variety, is 
obtained by treating neutral mercurous nitrite solution, which always 
contains a little mercuric nitrite, with excess of sodium chloride, and 
allowing the filtered solution to evaporate at room temjierature. Sodium 
hydroxide transforms the black into the orange form. ^2 

IlgCla.^llgO forms thrc‘e modific^ations : the a- or amorj>hous red 
form, the jS- or citron-yellow amor])hous form, and the y- or yellow 
crystalline variety. These arc obtained by varying slightly the pre- 
viously described methods of preparation. 2* 2* 12. J 4 , 15. i«, 17 

Haack prepared the a-moditication by the action of sodium chloride 
solution on the dry normal mercuric! phosphate. 

IlgClg.IIIgO.- Three varieties of this eom])ound have also been 
describecl: a brown or yellow crystalline variety, 2* »» 12, 35, nj, 19, 20 

a brown anior])h()us form, 2* ^2. le black or dark 

brown 2® crystalline product. 

Other com|)Ounds, for example, 2HgCl2-»^ngO,2i 4lIgCl2*7lIgO,22 
HgCl2.5HgO,22 I]gCl2-blIgO,22 and the monohydrate of the latter, 
HgCl2.6Hg().H20,22 have also been dcscribc'd, but it is doubtful if 
these are chemical individuals .24 

Andre described compounds of mercuric oxide with the chloridc^s of 
other metals. 2^ 

Mercurous Chlorite, Hg 2 (G 102 ) 2 » is formed, by tlie action of a 
soluble chlorite on mercurous nitrate solution, as a canary-yellow pre- 
cipitate which becomes white in the presence of excx'ss of the nitrate. 2® 
It cannot be obtained quite free from the oxide, and it reddens in 
air and decjomposes spontaneously when dried. 2®' 26 basic salt, 


1 Philip])s, Phil Mag., 1830, [2], 7 , 130. 

^ Tarugi, loc. cil * lllaas, Zeitsch. 

® Grouvcllo, Ann. Chim. Phys., 1821, [2], 17 , 42. 

® Roucher, ibid., 1849, [3], 27 , 353. 

’ Toda, J. Chem. Sac., 1922, 122 , Abs. ii, 769. 

* Schoch, he. cit. Thauluw, J. prakt. 

Volhard, Annalen, 1889, 255 , 252. 

Ray, Annalen, 1901, 316 , 250. " ** 

Arctowski, he. cit. 

See also van Nest, he. cit. 

Soubeiran, J. Pharm. Chim., 18.30, [2], 16 , 662. 

Dukelski, Zeitach. anorg. Chem., 1^6, 49 , 336. 

Andre, Compt. rend., 1887, 104 , 431. 

Voit, AnnaUn, 1857, 104 , 349. 

** Tarugi, he. cit. ; Toda, he. cit. ; Thummel, he. cit. 

Bruni and I^vi, GazzeUa, 1915, 45 , ii, 161. 

Levi, AUi R. Accad. Lined, 1923, [OJ, 32 , i, 165 ; Qazzetla, 


“ Mill on, he. cit. 
Kryat. Min., 1881, 5 , 283. 


® Driot, he. cit. 
Chew.., 1844, [1], 31 , 370. 

Thummel, he. cit. 
Voit, ibid., 1857, 104 , 349. 
^® Andr 6 , he. cit. 
Haack, he. cit. 


Roucher, he. cit. 
1923, 53 , i, 245. 
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Hg2(C102)2-Hg0.5H20, may also be obtained as a cream-yellow precipi- 
tate which is decomposed by heat or shock. ^ 

Mercuric Chlorite, Hg( 0102)2* obtained as a red crystal- 

line precipitate from solutions of potassium or barium chlorite and 
mercuric nitrate.^ If kept dry in more than very small amount it 
undergoes rapid decomposition and sometimes spontaneous ignition, 
forming mercuric chloride. It explodes slightly on percussion. The 
precipitate may contain mercuric oxide, and it has been suggested that 
a basic salt, ♦3Hg(C102)2-Hg0, is formed. ^ A highly explosive rnercuri- 
ammonium chlorite, NH2(Hg0.Hg)C102, in an impure state, has been 
obtained by treatment of an aqueous suspension of the chlorite with 
ammonia.^ 

Mercurous Chlorate, Hg2(C103)2, may be obtained hy dissolving 
precipitated mercurous oxide in chloric acid.®*^ It forms a white 
powder, soluble in water or alcohol, when the solution is evaporated 
over sulphuric acid.^ When heated carefully to 250"" C. it begins to 
decompose with the formation of oxygen, oxide, and chloride. If heated 
rapidly, instantaneous decomposition takes j>lace with the evolution 
of chlorine. A second modification, insoluble in water but soluble in 
acetic acid, is obtained by evaporating a solution of the first on the 
water bath.^ 

Mercuric Chlorate. — Neutral mercuric chlorate is not known in the 
solid state. It is strongly hydrolysed by water, and, from a solution 
of mercuric oxide in chloric acid,® the basic compound, Hg(C103)2. 
Hg0.1l20, separates out in small, colourless, deliquescent, rhombic 
plates, isomorphous with the corresponding basic bromate.® It is 
soluble in alcohol, decomposed by sulphuric acid with the evolution of 
chlorine, and readily decomposed by heat, giving oxygen or chlorine 
according to whether it is heated quickly or slowly. It has also been 
prepared by the action of chlorine on mercuric oxide.’ 

Mercurous Perchlorate, Hg2(C104)2, may be })rcpared by dis- 
solving mercurous oxide in perchloric acid,® or by shaking mercuric 
perchlorate with mercury.® It is soluble, and the solution may be 
evaporated in a vacuum desiccator.® It crystallises in fine needles or 
flattened prisms with 4 molecules of water,®» and is deliquescent.^® 
At 100° C., in a current of dry air, it loses water very slowly.® It is 
gradually decomposed by water and forms a basic salt.® On treatment 
with cold alcohol part dissolves, and a residue is left of the anhydrous 
salt, which is completely dissolved if the alcohol be heated.^® Ammonia 
blackens it.® It has no melting-point, but, if quickly heated, it partially 
liquefies. At higher temperatures it decomposes and gives mercuric 
oxide, oxygen, a very little free chlorine, and a sublimate of mercurous 
and mercuric chlorides.® 

The solution, although neutral to litmus,® is hydrolysed to some 

^ Levi, loc. ciL * Bruni and Levi, loc. cit. 

® Vauquelin, Ann. Chim., 1816, [1], 95, 103. 

* Wiichter, J. prakt. Ckem.f 1843, fl], 30, 331. 

* Vauquelin, loc. cit., 107 ; Waohter, loc. cit., 333. 

• Topsoe, Jahresber., 1872, 164. 

’ Braamcamp and Oliva, Ann. Chim., 1805, fl]* 54» 129. 

• S6rullas, Ann. Chim. Phys., 1831, [2], 46, 306. 

® Chikashig6, Trans. Chem. Soc., 1896, 67, 1016. See also S6ruUas, loc, cit. 

But Rosooe {Annalen, 1862, X2X, 356) found 6 molecules. 

** S^rullas found the contrary. Chikashig6, loc. cit., 1906, 87, 823. 
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extent, the degree of hydrolysis in decinormal solution being about 
3-4 per cent., as measured by the sugar-inversion method.^ 

A mercurous perchlorate coulometer may be made, using mercury 
electrodes in a solution of mercurous perchlorate containing perchloric 
acid and sodium perchlorate. Without the latter, part of the mercury 
is deposited as a black powder. ^ 

Mercuric Perchlorate, HgiClO^lg, may be obtained by dissolving 
mercuric oxide in perchloric acid.® On eva})oration tlu^ hexahydrate, 
Hg(C104)2.6H20, separates in long, colourless, rectangular prisms which 
arc very deliquescent.** It may also be prepared by treating mercuric 
nitrate with a slight excess of 70 per cent, perchloric acid, and boiling 
off the nitric acid and excess of perchloric acid.® When treated with 
cold alcohol the hydrated salt is partially dissolved and a residue of 
the anhydrous salt is left.® Boiling alcohol reacts with mercuric })er- 
chlorate, giving aldehyde and mercurous ]:)erehl orate. If the solution 
be diluted with water it is chiefly the hydrated mercurous salt which 
is obtained.® 

The acidity of the aqueous solution,®*^ and the high electrical 
conductivity, indicate that, although no basic salt precipitates from 
aqueous solutions, the salt is hydrolysed to a considerable extent ’ — 
to a much greater extent, in fact, than the mercurous salt. At a 
dilution of 1 grm. -molecule in 512 litres the degree of hydrolysis is 
37 per cent.® Basic compounds have, however, been obtained.^* ® 
If the normal salt be gently heated to 150 "* C., a comi)ound, 2HgO. 
Hg(C104)2, iq>pcars to be formed.^ A hydrated compound, IlgO. 
2Hg(C104)2.12ll20, may be prepared by treating excess of mercuric 
oxide with perchloric acid, filtering, and evaporating the solution.® 
Prismatic crystals are formed similar to those of the normal salt, and 
soluble in water with only a slight residue of mercuric oxide. When 
the basic salt is boiled wdth alcohol a flocculeiit preei})itate, which 
gradually becomes granular, separates out. The llocculent compound 
is simply the original basic; salt, lIg0.2Hg(C104)2, in the anhydrous 
form.® It is insoluble in h5'^drochloric or nitric acid, but decomposed 
by a mixture of the two. It remains un(;hangcd by heat up to nearly 
dull redness, and then burns explosively with a pale violet flame, leaving 
red mercuric oxide. The granular precipitate has the same composition 
as the product obtained by heating the normal salt, 2Hg0.Hg(C104)2, 
which may be called the a-form, but it is isomeric with it, and behaves 
differently towards acids and water which decompose the a- but not the 
jS-salt. Both forms arc stable up to nearly red heat. The j8-compound 
then detonates with great violence, but the a-salt decomposes without 
explosion. Borelli failed to prepare the compound Hg0.2Hg(C104)2. 
12HaO, and only obtained a mixture of the approximate composition 
3Hg0.2Hg(C104)2.^® 

Mercuric perchlorate forms complex salts, of composition HgX(C104), 
where X is Br, I, or CN, but not 

^ Ley and Heimbucher, Zeitsch, Elektrochem., 1904, lo, 302. 

® Mathers and Germann, J. Chem. 8 oe., 1911, lOO, Abs. ii, 677. 

* S^rullas, loc. cit. * Chikashige, Trans. Chefn. Soc.^ 1896, 67 , 1013. 

® Smith, J. Amer. Chem. 80 c., 1923, 45 , 1417. 

« Chikashig^, Trans. Chem. 80 c., 1906, 87 , 822 . ’ Ley and Kissel, Rer., 1899, 32 , 1362. 

» Ley, Zeitsch. physikal, Chem., 1899, 30 , 249 ; Ley and Heimbucher, Zeitsch, Elektro- 
chem., 1904, 10 , 301. • Chikashige, loc. cit. 

w Borelli, Oazzetta, 1908, 38 , ii, 421. Borelli, ibid., 1908, 38 , i, 361. 
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Mercurous Oxybromide, 2HgO.Hg2Br2, may prepared as thin, 
dark, rhombic plates by heating mercuric oxide and mercurous bromide 
with water in sealed tubes for forty-eight hours at 180° 

Mercuric Oxybromides. — Several oxy bromides have been de- 
scribed, but some of these are probably not chemical individuals. 
According to Lowig,^ an oxybromide of unknown eom})osition may be 
obtained by boiling mercuric oxide with mercuric bromide solution ; but 
this is contradicted by Fischer and von Wartenberg, who found that 
the mixture must be heated in a closed vessel at 160° C.^ They thus 
obtained the oxybromides HgBr2.4HgO ® and 2HgBr2.7HgO. The 
same modilication of the first compound, but a different one of the 
second, may be obtained by fusing together the oxide and bromide.® 
A second modification of the compound HgBrg.^llgO is obtained by 
the action of sodium carbonate solution on a boiling solution of mercuric 
bromide.®* ^ By the action of a cold saturated solution of potassium 
bicarbonate on a mercuric bromide solution saturated at room temjiera- 
ture, the second modilications of both the oxybromides are fornjcd.® 
The action of marble or magnesia on mercuric bromide solution produces 
HgBr2.4lIgO.®’ Both modilications of each of these basic salts arc 
insoluble in indifferent solvents, but quickly decomposed by acids and 
alkali hydroxides. They are unaffected by dry ammonia, but give a 
yellow compound with aqueous ammonia. When heated to about 230° C. 
they are decomposed.® 

By the action of dilute potassium hydroxide solution on mercuric 
bromide in water ® or alcohol,® the compound HgBrg.OHgO is obtained.® 
This is only dccom})osed when heated to a very high temperature. It 
is unaffected by alkalies, but is attacked by both dry and aqueous 
ammonia.® Andre ® described the compounds HgBrg.HgO and 
lIgBr2.2HgO obtained in the dry way, and determined the heats of 
formation. 

Mercurous Bromate, Hg 2 (Br 03 ) 2 , is obtained as a yellowish- 
white powder when a solution of mercurous nitrate is j)reeipitated with 
bromic acid or potassium bromate. It may be recrystallised from 
bromic acid as white, anhydrous leaflets. It is very soluble in hydro- 
chloric acid but not in nitric.^® By the action of water a basic 
salt, IIg20.IIg2(Br03)2, is obtained as a citron-yellow precipitate which 
detonates on heating.^® 

Mercuric Bromate, Hg(Br 03 ) 2 . 2 H 20 , may be obtained by dis- 
solving mercuric oxide in bromic acid.^^ It forms small prismatic 
crystals, much more soluble in hot water than in cold. It shows only 
a slight tendency to hydrolyse in aqueous solution, even at a very 
high temperature.^® The salt is decomposed by heat, detonating at 
180°~140° C. The basic salt, Hg0.Hg(Br03)2.H20, analogous to the 
chlorate, is obtained when excess of mercuric oxide is employed, or when 
a hot neutral solution of mercurous nitrate is precijiitated by potassium 

' Fischer and von Wartenberg, Chem, Zeit., 1905, 29 , 308. 

* Lowig, Pogg, Annalen, 1828, 14 , 485. 

® Fischer and von W^artenberg, Chem. Zeit.f 1902. 26 , 983. 

® Andr 6 , Ann. Chim. Phys., 1884, [ 6 ], 3 , 123. * Andre, Compt. rend., 1884, 98 , 515. 

® Fischer and von Wartenberg, Chem. Zeit., 1902, 26 , 966. 

" See also Arctowski, Zeitsch. anorg, Chem., 1895, 9 , 184. 

® Rammelsberg, Pogg. Anrtalen, 1842, 55 , 250. ® See also Andre, he. cit. 

Rammelsberg, Pogg. Anmkn, 1842, 55 , 79. Rammelsberg, » 6 id., 83. 

Arctowski, Zeitsch. anorg. Chem., 1895, 9 , 184, 
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bromatc. It forms thin, lustrous leaflets, and is slowly decomposed by 
cold water, giving a still more basic salt. In hot water the red oxide 
is rapidly formed.^ The compound obtained, during the preparation of 
hypobromous acid from bromine and mercuric oxide, is apparently the 
anhydrous basic bromate, Hg(Br03)2.Hg0, and not the oxybromide.^’ * 

By the action of ammonia on solutions of mercuric bromate, a 
yellow bulky powder, to which Rammelsbcrg gave the Ibrmula 
2NHg2Br03.3H20, has been obtained.^*® 

Mercurous Oxyiodide, bHgO.Hggla, has been prepared in the 
form of brownish-red, rhombic plates, isomorphous with the oxy- 
bromide, by heating a mixture of mercurous iodide and mercuric oxide 
at 160 ° for eighty hours.® 

Mercuric Oxyiodides. — A compound IIgl2.3lIgO has been pre- 
pared by fusing together the constituents in the proper proportions.*^ 
The same formula was ascribed by Rammelsbcrg to the product of the 
action of potassium hydroxide on mercuric iodide,® but the composition 
of the compound obtained depends on the coiKX'ntration of the alkali 
employed.® At 15 “ C., below eoneentrations of 0*3 N, there is no 
action at all. Above this coneentration, up to 1-5 A, the double salt, 
Hgl2.2KI, is formed in solution, and it is only at still higher concentra- 
tions that oxyiodides begin to a])pear. The following formula* have 
been suggested : ® Hgl2.2HgO, 2Hgl2.HgO, and 6lIgl2.IIgO. The 
products are all sensitive to light. 

Mercuric Hypoiodite. — By shaking finely powdered iodine and 
precipitated mercuric oxide with ^vatcr for a few minutes, .and filtering, 
a solution which gives the reactions for hypoiodites is obtained, but the 
amount present is only small. 

Mercurous lodate, HggflOjjlg, may be prcj)ared by j)recipitating 
mercurous nitrate with a soluble iodate or iodic aeid.^^ It may also 
be formed, along with the iodide, by the action of iodine on mercuric 
nitrate.^® It is an anhydrous white powder unaffected by water, and 
it decomposes when heated to 250 “ C. It is also obtained when hot 
iodic acid acts on metallic mercury. The product contains iodide. 

Mercuric Iodate, HgflOjdg, may be obtained by the action of 
iodic acid on precipitated mercuric oxide, on mercuric chloride in the 
dry state, ^® or on a solution of a soluble mercuric salt.^^ It may also be 
prepared by j)recipitating a soluble mercuric salt, other than the chloride, 
with sodium iodate*, ^®' or by the action of nitric acid on mercuric iodide. 

’ Topsoc, Jahresber.f 1872, 164. 

^ Fischer and von Wartenberg, Chem. Zeit., 1902, 26 , 983. 

® According to Ldwig {Pogg. Annalen, 1828 , 14 , 486), bromide and bromatc are formed. 

* Rammelsbcrg, Pogg. Annalen, 1842, 55 , 83. 

® Rammelsbcrg, J. prakt. Chem., 1888, [ 2 J, 38 , 568. 

® Fischer and von Wartenberg, Chem. Zeit., 1905, 29 , 308. 

’ Wcyl, Pogg. AnnaUn, 1867, 131 , .549. ® Rammelsbcrg, ibid., 18.39, 48 , 183. 

® Pelabon, Compt. rend., 1924, 178 . 1718. 

See Mercuric Iodate ; Orton and Blackma»i, Trans. Chem. Soc., 1900, 77 , 835. See 
also Kone, Pogg. Anmlen, 1845, 66 , 302 ; Lippmann, Compt. rend., 1866, 63 , 968. 

“ Rammelsbcrg, Pogg. Annahn, 1838, 44 , 570. 

Vauquelin, Ann. Chim., 1814, 90 , 219. Vauqiielin, ibid., 247. 

Ditto, Ann. Chim. Phys., 1870, [4], 21 , 28. It is not definitely stated whether 
mercurous or mercuric iodide i.s fornie<l. 

Rammelsbcrg, Pogg. Anriahn, 1838, 44 , 571 ; J. prakt. Chem., 1888, [2], 38 , 568. 

Millon, Ann. Chim. Phys., 1846, [3J, 18 , 367. 

Cameron, Chem. News, 1876, 33 , 253. Kraut, Ren, 1885, 18 , 3461. 
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It is the chief product formed when iodine and mercuric oxide are shaken 
up together with water, and is also formed along with the iodide if 
mercurous oxide is substituted for mercuric.^ 

Mercuric iodate is an amorphous white powder almost insoluble in 
water and nitric acid, but soluble in hydrochloric acid and a number of 
salt solutions. It dissolves in hydrobromic or hydriodic acid with the 
evolution of bromine or iodine.^ Heat decomposes it into oxygen and 
mercuric iodide.^* ® Stannous chloride reduces it to mercuric iodide.^ 

Millon prepared a compound of composition Hg2N3HiQ0(I03)3, or 
Hg,N 3 lli 202 (I 03 ) 3 , by the action of excess of ammonia solution on 
mercuric iodate.® By heating mercuric iodate with ammonia, Rammels- 
berg obtained a product to which he gave the formula NHg2l03.2NH4l03.^ 
According to Franklin,® both are probably mixtures of mercuric iodate 
with ammonia of crystallisation, and the ammonobasic salt, NH2HgI03, 
and may be expressed by the formula Hg(I03)2.2NIl3.Nn2HgI03.xH20. 

Mercurous Periodate. — Only basic mercurous periodates are 
known. By the action of sodium periodate on mercurous nitrate, 
the compound 4Hg20.Hg2(I04)2 or, in slightly acid solution, 3Hg20. 
Ilg2(104)2/^ is formed as a light yellow precipitate. It becomes red- 
dish brown on heating and ultimately decomposes. It is soluble 
in hydrochloric and in nitric acid.^® Periodic acid on metallic mercury 
only gives mercurous oxide.® 

Mercuric Periodate. — The neutral salt has not been prepared, 
but a basic compound, 4Hg0.Hg(I04)2, is obtained by the action of 
sodium iodate,® or of a basic sodium iodate,^®' on mercuric nitrate, 
or of excess of periodic acid oh mercuric oxide. It forms a deep 
orange-yellow or red powder.^® It is readily soluble in hydrochloric 
acid but only slightly so in nitric.^® When digested with ammonia it 
gives a light yellow product, to which Rammclsberg ascribed the 
formula 2NHg2IO4.NHg2OH.NIl4OH.3H2O. Franklin suggests that it 
was probably a mixture of NH2HgI04 and Millon’s base, thus for- 
mulating it as NH2HgI04.NH(Hg0H)2.xH20.i® 

Rammclsberg also obtained a double basic salt with pottxssium.^’ 

MERCURY AND OXYGEN. 

Mercurous Oxide. — Alkali hydroxides throw down a black 
precipitate from solutions of mercurous salts. A similar precipitate 
results from the action of caustic potash upon freshly precipitated 
mercurous chloride.^® This precipitate consists mainly of mercurous 

' See Mercuric Hypoiodite ; Orton and Blackman, Trans, Chem, Soc., 1900, 77 , 8^5 ; 
Colin, Ann, Chim., 1814, [ 1 ], 91 , 262. 

® Rammelsberg, Pagg, Annalen, 1839, 48 , 183. 

® BrUckner, Monatsh., 1906, 27 , 341. * Cameron, Chem. News, 1876, 33 , 253. 

® Millon, loc. cit. ® Millon, loc, cit, 410. 

’ Rammelsberg, J. 'prakt. Chem., 1888, [ 2 ], 38 , 568. 

« Franklin, J, Amer, Chem, 80 c., 1907, 29 , 63. ® Bengieser, Annalen, 1836, 17 , 259, 

Lantech, J, prakt, Chem,, 1867, [ 1 ], 100, 86 ; Jahresber., 1867, 164. 

Rammelsberg, Pogg. Annalen, 1868, Z34, 524. 

Lautsoh, Jahresber,, 1867, 166. Rammelsberg, Pogg, Annalen, 1842, 55 , 79. 

Rammelsberg, J, prakl. Chem., 1888, [ 2 ], 38 , 568. 

According to Bengieser (toe. oil.), a white powder, which becomes yellowish on 
warming, is formed. 

Franklin, he, cit, 64. 

” Rammelsberg, Jahresber,, 1868, 169. SchafiFner, Annalen, 1844, 51 , 181. 
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oxide, HgaO, but it always contains some metallic mercury and mercuric 
oxide, HgO. These two impurities are present even when the precipita- 
tion is done in the dark or in the absence of air.^ They are also 
present in small quantities when the precipitate produced by rubbing 
mercurous acetate with alcoholic potash is washed with alcohol, then 
with ether, and dried.^ 

Mercurous oxide is unstable,^ and api>arently decomposes, slowly 
but steadily, into mercury and mercuric oxide. If the black precipi- 
tate is freely exposed to air mercury volatilises, and, finally, only 
mercuric oxide remains.^ It also seems to oxidise slowly in air, and 
moisture quickens the oxidation. ^ The absorption of oxygen is 
rapid at 100° C.® Mercurous oxide decomposes into mercury and 
oxygen at higher temperatures. It is reduced at 80° C. by hydrogen, 
according to Fay and Seeker,® though Colson ® says that it is not 
reduced by hydrogen even at 100° C. 

Mercurous oxide is j^ractically insoluble in cold water ; 150,000 
parts of warm water dissolve about 1 part of it.’ The solubility 
product [Hg" 2 ][OH'] 2 =^" 4-8x 10~24.8 Liquid ammonia does not dissolve 
it.® A hot solution of ammonium thiocyanate dissolves it with separa- 
tion of mercury.^® Hydrogen peroxide and mercurous oxide react with 
explosive violence. PVee acid does not prevent the reaction, which 
ceases after repeated additions of the peroxide. The presence of 
mercuric peroxydate, HgOg, imparts a red colour to the residue. 
Mercurous carbonate is formed by the action of carbon dioxide on the 
moist oxide ; it slowly decomposes into carbon dioxide, mercury, and 
mercuric oxide.^ 

The heat of formation of mercurous oxide from liquid mercury and 
gaseous oxygen has been given as 42*2 Cal.^^ and as 22*2 Cal.® Accord- 
ing to Campbell it is slightly radioactive. 

Mercurous Hydroxide. — A small quantity of amber-coloured 
precipitate slowly forms when solutions of mercurous nitrate and 
caustic potash in alcohol are cooled to —42° C. and mixed. This may 
be mercurous hydroxide — it apparently changes with rise of temperature 
into mercurous oxide, mercuric oxide, and mercury. 

Mercuric Oxide. — Alkali hydroxides precipitate yellow HgO from 
cold solutions of mercuric salts. The dried precipitate may contain 
a small quantity of mercuric hydroxide,^® and when it is precipi- 
tated by caustic potash from mercuric chloride solution it may be 
contaminated with potassium and chlorine, i® Briinck prepared it by 


^ Guibourt, Ann. Chim. Phys., 1816, [2], i, 422; Barfoed, J. j>raki. Chem., 1888, [2], 
38 , 441. * Bruns and Pfordten, Her., 1888, 21 , 2010. 

® Varet, Ann. Chim» Phys.y 1896, [7], 8 , 102. 

* Hada, Trans. Chem. Soc., 1896, 69 , 1677. 

* Colson, Compt. rend., 1899, 128 , 1106. 

® Fay and Seeker, J. Atner. Chem. Soc., 1903, 25 , 641, 

’ Bhaduri, ZeiiscL anorg. Chem., 1897, 13 , 411. 

® Allmand, Zeitsch. EUktrochem., 1910, 16 , 263. 

* Franklin and Kraus, Amer. Chem. J,, 1898, 20 , 829. 


Fleischer, Annalen, 1876, 179 , 234. 

AntropofF, J. prakt. Chem., 1 ^ 8 , [2], 77» 273. 

Thomsen, ibid., 1876, [2], ii, 283. 

Campbell, Proc. CamJb. Phil. Soc., 1906, 131 282. 

Bird, Amer. Chem. J., 1886, 8 , 426. 

Schoch, ibid., 1903, 29 , 327. Siewart, Annalen, 1863, 125 , 227. 

Brunck, Zeitsch. anorg. Chem., 1896, 10 , 243. 
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treating mercuric nitrate solution with excess of sodium carbonate 
solution. The precipitate, after hot digestion in the solution and in 
fresh soda solution, contained neither chlorine nor nitric acid, and left 
no residue on volatilisation. 

When mercuric oxide is preci})itated hot from solutions of mercuric 
salts with alkali carbonates it tends to bo red. Dufan prej)ared the 
red oxide by })recij)itating mercuric chloride solution with a solution 
of potassium carbonate. The originally brown precipitate became red 
on boiling.^ The j)recipitate from hot solutions of mercuric chloride 
and barium hydroxide is also red.^ 

The red oxide forms slowly when mercury is heated in air just below 
its boiling-point. According to Kchols,^ mercury begins to unite with 
oxygen at 450"" C. at- ordinary pressure, and the oxide . decomposes 
again about OJIO" C. Taylor and llulett prepared it by heating purified 
mercury in oxygen under a pressure of 2 3 atmospheres.'^ It is 
usually })repared by heating mercuric nitrate without raising the 
temperature high enough to decompose the oxide.® A mixture of 
finely divided mercury and mercuric oxide is obtained by electrolysing 
alkalies with a mercury anode. A high yield of finely divided mercuric 
oxid(.‘ is secured by distilling off the mercury below 500"" C. in a current 
of air or oxygen.® 

According to Schoch, when cold saturated mercuric chloride is added 
to excess of caustic soda solution the yellow precipitate soon turns 
orange if the solution is allowed to stand. The colour may continue 
to deepen for one or two weeks. The precipitated yellow oxide is very 
finely crystallised in square tablets. The minute crystals enlarge in 
contact with the precipitation mixture or with a solution of sodium or 
potassium chloride. As the crystals grow the colour changes from j)ale 
yellow to red. If the yellow oxide is boiled in aqueous solutions of 
salts it changes to the prismatic red oxide. Dry samples of the yellow 
oxide continuously heated for some hours at temperatures from 250° to 
600° C. become red, and the crystals change into the prismatic form. 
A finely ground sample of the red prismatic oxide may be yellower 
than an originally yellow oxide that has been transformed. Mercuric 
oxide, therefore, seems to exist in two crystalline forms : in square 
tabular crystals precipitated at ordinary temperatures, and in mono- 
clinic prisms produced by heating the former, or by preparation at higher 
temperatures.’ 

Fuseya changed the red oxide into the yellow by shaking it for some 
hours with a solution of alkali. A litre of water at 25° C. dissolves about 
23-4 millimols of HgO.® The sudden change of solubility in passing 
from a neutral to a slightly alkaline solution is probably due to the 
dispersion of the oxide into finer particles. It seems to be generally 
considered that the yellow oxide only differs from the red by being more 
finely divided.® 

1 Dufan, J. Pharm, Chim,, 1902, [ 6 ], i 6 , 439. 

® Kendall and Fuchs, J. Ainer, Chem, Soc,, 1921, 43 , 2022. 

* Echols, Chem. News, 1881, 44 , 203. 

* Taylor and Hulett, ./. Physical Chem., 1913, 17 , 755. 

^ Fuseya, J. Amer. Chem. Soc., 1920, 42 , 368. 

® J. Soc, Chem. Ind., 1923, 42 , 183 A. 

’ Schoch, Amer. Chem. J., 1903, 29 , 319. 

* 23- 1 according to Hulett, Zeitsch. physikal. Chem., 1901, 37 , 406 ; 23*8 according to 

Schick, ibid., 1903, 42 , 172. * Fuseya, loc. cit. 
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Gay-Lussac ^ attributed the physical and chemical differences 
between the two oxides to their different fineness of division. Pelouze, 
however, thought that the yellow oxide was amorphous and the red 
oxide crystalline.2 There has always been rivalry between the two 
types of opinion ; experimental results iiave been constantly adduced 
to show that the two oxides of mercury differ more esscntiafly than in 
the fineness of their particles. The red oxide is freciuently less active 
than the yellow. Dry chlorine acts less vigorously u})on the red than 
upon the yellow oxide : the dispute between Gay-Lussac and Pelouze 
originated in this observation. Oxalic acid attacks the yellow oxide 
readily, the red oxide only slightly. The yellow oxide is converted 
into an oxychloride by alcoholic mercuric chloride ; the red oxide is 
hardly attacked at all.® There is a similar difference of reactivity 
towards iodic acid,^ selenic acid,® arsenites,® sulphuryl chloride,'^ 
hydrogen peroxide,® and other reagents. 

The yellow oxide was often observed to volatilise more rapidly 
than the red, and, according to Sehoeh, the dissociation pressure was 
greater between 300° C. and 320° C. i*or the yellow than for tlie red 
oxide.® Taylor and Hulett, however, found identical pressure curves 
for both oxides — an indication of their absolute identity, Both 
oxides are also similarly reduced by hydrogen at 100° C., and the 
yellow oxide simply decomposes five times more quickly than the red, 
as if it were simply more finely grained. Yellow mercuric oxide, 
however, can be reduced by either hydrogen or carbon monoxide at 
lower temperatures than the red, and this greater reactivity, in con- 
junction with the previous examples, has been supposed to indicate 
that the yellow and red forms arc tw^o different physical varieties of 
mercuric oxide. 

Opinion swayed between different physical modifications and mere 
different size of grain. Varet, in 1895, observed that, while only the 
red variety of mercuric iodide is stable at ordinary temperatures, both 
the yellow and red varieties of the oxide are sta})le in the cold. Heat, 
also, is disengaged by the conversion of the yellow mercuric iodide 
into the red form, lie found that, at about 12° C., 31-55 Cal. arc 
evolved by the action of dilute hydrocyanic acid n})on the red oxide. 
Since Berthelot had found 81-6 Cal. for the yellow oxide under similar 
conditions, the conversion of the one oxide into the other involves no 
thermal change.^® Ostwald argued from the equality of their free 
energies to the identity of the two oxides. He drew the same conclusion 
from the failure of a galvanic cell of mercury-red oxide-caustic potash- 
yellow oxide-mercury to give an E.M.F. The exact equivalence 

^ Gay-Lussac, Compt. rend., 1843, i 6 , 309. 

* Pelouze, ibid., 1843, i 6 , 60. 

» Millon, Ann. Chim. Phys., 1846, [3], i 8 , 352. 

* Kammelsberg, Pogg. Annalen, 1838, 44 , 570^^ 

» Kohler, ibid., 1853, 89 , 151. 

« Reichard, Ber., 1897, 30 , 1914. ’ Spelta, Gazzetta, 1904, 34. h 262. 

* Antropoff, J. prakt. Ohem., 1908, [2], 77 , 273. 

® Sehoeh, Amer. Ohem. J., 1903, 29 , 323. 

Taylor and Hulett, J. Physical Ohem., 1913, 17 , 565. 

Colson, Compt. rend., 1899, 128 , 1105. 

Fay and Seeker, J. Amer. Ohem. Soc., 1903, 25 , 641. See MUller, Pogg. Annalen, 1869, 
136 , 62 ; Glaaer, Zeitsch. anorg. Ohem., 1903, 36 , 10. 

Varet, Compt. rend., 1896, 120 , 622. 

Ostwald, Zeitbch, physikal. Chem., 1895, x 8 , 159. 
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between the two oxides in other cells, replacement of one by the other 
involving no change of E.M.F., had the same implication. 

Cohen found a small E.M.F. in the cell arranged by Ostwald corre- 
sponding to a difference between the free energies of the two oxides of 
the order represented by the difference between the results of Varet 
and Berthelot. He therefore affirmed that the two oxides were 
isomeric.^ Ostwald explained that the difference in potential only 
implied the difference in solubility which corresponded to a difference 
in the size of the grains. The red oxide becomes yellower as it is more 
finely powdered ; the finely precipitated yellow oxide is the more 
soluble, but the solubility of the red oxide approaches it as it is more 
finely powdered.^ Ilulett found an increase of solubility at 25° C. 
from 50 mgm. per litre to 150 with finer powdering of the oxide. ^ 
Schick believed with Ostwald that the red and yellow oxides only 
differed in their state of division. A litre of pure water at 25° C. dis- 
solves 0 0518 grm. of yellow oxide and 0 0513 grm. of red ; the corre- 
sponding quantities at 100° C. are 0-41 and 0-38 grm. The presence of 
hydroxyl ions increases the solubility.^ Shortly afterwards Schoch, as 
noted above, ascribed different crystalline forms to the two oxides. 
According to Allmand, however, the red and yellow modifications 
both contain prisms and, ajiparently, quadratic plates.® They only 
differ in the size of their particles. Prolonged shaking with potassium 
chloride coarsens the grain by the disap|)earan(ie of the finer particles, 
and after this treatment the same potential difference is obtained 
whether the initial oxide is red or yellow.® 

Different physical modifications of one substance usually have 
different densities. Schoch admitted that either there is no difference 
in density between yellow and red mercuric oxides, or the difference 
is very small. He obtained for the red oxide a density at 27-5° C. 
of 11 *08-11 -11. A sample of yellow oxide had a density at 27*5° C. 
of 11*03, and another sample a density at 28*5° C. of 11*08. The 
experimental error was relatively large.’ 

Caustic potash was said to precipitate Hg0.3H20 from solutions 
of mercuric chloride. This hydrated oxide lost no water at 200° C.® 
According to Carnelley and Walker, caustic soda precipitated the 
hydroxide Hg(OH) 2 , which was stable up to about 100° C.® The 
dried precipitate, however, seems to be substantially HgO.^® 

Since the solubility of mercuric oxide in caustic soda distinctly 
increases with the concentration of the latter, Hg(OH )2 presumably 
functions as a very weak acid. The ionisation constant of the first 
hydrogen of mercuric acid, H2Hg02, has been determined as 1*7 x 10""^®.^^ 

^ Cohen, Zeitsch, physikal. Chem.t 1900, 34 , 69. 

* Ostwald, ibid.t 1900, 34 , 495. 

* Hulett, ibid,, 1901, 37 , 385. 

^ Schick, ibid,, 1902, 42 , 155. 

* For examination of the crystals of the red oxide, see des Cloizeaux, Ann, Chim, 
Phys,, 1870, [4], 20 , 201. 

* Allmand, Zeitsch, Ehhtrochem,, 1910, 16 , 254. See Donnan and Allmand, Trans. 
Chem. Soc,, 1911, 99 , 845. 

’ Schoch, Amer, Chem, J„ 1903, 29 , 319. Mercuric oxide also seems to occur in trans- 
parent brown needles. See Gaudechon, Gompt, rend,, 1907, 144 , 1268. 

* Sohaffner, Annalen, 1844, 51 , 181. 

* Carnelley and Walker, Trans. Chem. Soc., 1888, 53 , 80. 

Schoch, Amer. Chem, J„ 1903, 29 , 827 ; Siewart, Annahn, 1863, 125 , 227. 

Fuseya, J. Amer. Chem. 80c., 1920, 42 , 370. 
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The solubility product [I:Ig*‘].[OH']2 has been given as 2-8x10“*®,^ 
as 4 X and as 1 *5 X Mercuric hydroxide ionises in solution 

stej) by step according to the equations 

Hg(OH)2^TIgOH* +OH', 

HgOH' 

Svedberg obtained a colloidal solutio7i by the action of the electric 
discharge on mercuric oxide under isobutyl alcohol.® Paal obtained a 
yellow solution by adding aqueous sodium hydroxide to mercuric 
protalbate or lysalbate. A similar solution was prepared by adding 
mercuric chloride solution to alkaline solutions of protalbic or lysalbic 
acids. The colloidal mercury compound, which is not dialysable, is 
easily reduced, especially by light, to metallic mercury.® The turbid 
solution obtained by adding mercuric chloride solution to an aqueous 
solution of potassium hydroxide and acetone, after filtration and 
dialysis, does not deposit mercury on immersed copper gauze. A clear 
transparent jelly gradually separates : raising the tempemturc increases 
the speed of separation. Hydrogen siilj)hide precif)itates mercuric 
sulphide from solutions of the jellies. An alcosol is formed by adding 
an equal volume of alcohol to a 1 })er cent, aqueous solution and 
evaporating over lime.'^ If the original dialysed solution is carefully 
evaporated to dryness, it leaves a resinoid residue of composition 

{(CH3)*.CO},.3HgO.« . . -.v. 

Yellow precipitated mercuric oxide reacts to some extent with a 
10 per cent, solution of sodium bicarbonate according to the equation 

HgO +2NaIIC03 -Na^COg +UgCO^+ll20.^ 

Sulphur monochloride converts mercuric oxide almost completely into 
mercuric chloride — 

2HgO I 2S2Cl2-2HgCl2-f SO2+3S.1® 

Solutions of silver sulphate, silver nitrate, and silver acetate dissolve 
yellow mercuric oxide. Pale yellow rhombic tablets of Ag2S04.Hg0, 
and acicular crystals of reddish-yellow AgN03.2lIg0, have been isolated 
from their respective solutions. 

The reaction 

HgO + 4KI +H2O =K2Hgl4 + 2KHO 

has been used to standardise acids for volumetric analysis. About 
0*4 grm. of the yellow oxide is treated with 10 c.c. of 60 per cent, potass- 
ium iodide solution. As soon as the oxide is dissolved the titration is 
performed. Methyl orange, or methyl red, or phenol phthalein can be 
used as indicator. Yellow mercuric oxide, thus used, is a trustworthy 
alkalimetric standard, because it is non-hygroscopic and can be obtained 
in a pure, anhydrous condition.^^ 

^ Allmand, Zeitsch, EUhtrochem., 1910, 16 , 260. 

* Grossmann, Zeitsch, amrg. Ghent., 1906, 43 , 368 . 

* Abegg and Latendzinski, Zeitsch. Ehktrochem., 1904, 10 , 80. 

* Kolthoff, Ghent. Weekblad., 1917, 14 , 1016. ® Svedberg, Ber., 1906, 39 , 1706. 

* Paal, Ber., 1902, 35 , 2219. ’ Bunce, J. Physical Ghent., 1914, i 8 , 269. 

* Emerson and Reynolds, Proc. Roy. 80 c., 1870, 19 , 431. 

* Tichbome, 8 ci. Proc. Roy. DM. Soc., 1904, 10 , 331. 

Oddo and Giachery, Oazzetta, 1923, 53» h Finzi, ibid., 1911, 41 , li, 643. 

Inoze, Zeitsch. anal. Ghent., 1907, 56 , 177. Rosenthaler and Abelmann {Pharm. J., 
1913, 91 , 144) also advised the use of merourie oxide as a volumetric standard. Gf. Inoze, 
Zeitsch. anal. Ghent., 1918, 57 , 176. 



272 


BERYLLIUM AND ITS CONGENERS. 


Determinations of the heat of formation of mercuric oxide from 
liquid mercury and gaseous oxygen have varied from 20-7 Cal. to 
22 0 Cal.i 

The yellow product of the action of aqueous ammonia on mercuric 
oxide, known as Millori's base, has the empirical formula HggNHgOg. 
When dried over eaustic potash in an atmosphere of ammonia it darkens, 
and loses 1 molecule of water to form TlggNII^Og. The compound HggNIIO 
is formed by the loss of 2 molecules of water when the original base 
is heated at 125° C. in ammonia : it is a dark brown explosive powder. 
Absolute alcohol completely dehydrates Millon’s base, and mercuric 
oxide is formed.* The explosive dehydrated product is also formed 
by heating dried yellow mercuric oxide ifi ammonia at 120° C.® 

Salts of Millon’s base have the formula HggNHgO.X : Soubeiran’s 
salt, for example, which has been prepared by the action of ammonia 
in slight excess on a dilute solution of mercuric nitrate, and by precipi- 
tating a solution of mercury acetamide with ammonium nitrate,^ is 
HggNHaO.NOg. The chloride, llggNHgO.Cl, is well characterised ; it 
is formed by the action of dilute hydrochloric acid on Millon’s base, 
and by other methods.^ 

Millon’s base has been variously formulated,® but, according to 
Franklin,* its constitution is better represented bv the formula HO.IIg. 
NH.Hg.OH.II 2 O, or by (HOHg)2.NH20H, as Hofmann and Marburg 
expressed it,® or by HO.lIg.O.lTg.NIIaOH, as Fiirth preferred,® than by 
any other constitutive formula. Franklin also suggested the represen- 
tation of its successive dehydration thus - 

— >IIg ; N.Ug.OH. 

The chloride would then be HO.Hg.NH.IIg.Cl. Weitz formulated the 
chloride as HgO.Hg(NH 2 ) 0 . 1 ®' 11 

The brown, amorphous base, (NHg2)20, has been prepared by act- 
ing on mercuric oxide at 100° C. with gaseous ammonia. The yellow, 
amorphous tetrahydrate, (NHga) 20 . 4 H 30 , has been obtained by acting 
on freshly precipitated yellow mercuric oxide, either un dried or dried 
at 15° C., with ammonia. This tetrahydrate is stable from 0° C. to 20° C. 
if the air is saturated with moisture and free from carbon dioxide. It 
passes into the brown, amorphous monohydrate in dry air containing 


^ Varet, Ann. Chim. Phys., 1896, [7], 8, 100. 

* Millon, ibid., 1846, [3], 18, 392 ; Hofmann and Marburg, Annalen, 1899, 305, 191. 

® Weyl, Pogg. Annalen, 1864. I2I, 601. 

* Soubeiran, J. Pkarm. Chim., 1826, [2], 12, 465, 509, 661 ; Fiirth, Monatsh., 1902, 23, 
1147. 

® Hofmann and Marburg, he. cit. ; Franklin, J. Atner. Ghem, Soc., 1907, 29, 60. 

• Millon, he. cit. ; Gerresbeim, Annalen, 1879, 195, 373 ; Rammelsberg, J. prakt. Chem., 
1888, [2], 38, 558. 

^ Franldin, he. cit., 35. 

^ Hofmann and Marburg, loc. cit 

• Fiirth, he. cit. 

Weitz, Annalen, 1916, 410, 162. 

For various other compounds, see Mitscherlich, Pogg. Annalen, 1827, 9, 97 ; Kane, 
Ann. Chim. Phys., 1839, [2], 72, 242 ; Millon, he. cit ; Weyl, he. cit. ; Gerresheim, he. eit ; 
Rammelsberg, he. eit ; Pesci, Oazzetta, 18^, 20, 485 ; 1891, 21, ii, 571 ; Zeitseh. anorg. 
Chem., 1899, 21, 363 ; Hofmann and Marburg, he. cit ; Franklin, he. eit ; Stromholm, 
Zeitseh. anorg. Chem., 1908, 57, 86; Gaudechon, Compt rend., 1907, 144, 1268; Ann, 
Chim, Phys., 1911, [8], 22, 148. 
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ammonia. The monohydrate reverts to the tetrahydratc in a moist 
atmosphere. If the tetrahydratc is heated in an atmosphere of ammonia 
at 100° C. it dehydrates into the brown, amorphous, anhydrous base. 
This product, unlike the product of gaseous ammonia on mercuric 
oxide, absorbs water from a moist atmosphere and becomes the tetra- 
hydrate. The finely ground base slowly decomposes into ammonia 
and mercuric oxide when boiled with winter : the mercuric oxide forms 
in transparent brown needles.^ This reaction may be reversible. 

The heat of formation of solid (NHg2)20 from liquid mercury, gaseous 
ammonia, and gaseous oxygen is —75 *5 Cal. Its endothermic nature cor- 
responds to its (explosive character. A pentahydrate probably exists.^ 

Mercuric Peroxide. — Hydrogen })croxide decom])oses in contact 
with mercury with a [)criodically varying rate of decomposition.^ 
Slightly alkaline solutions of the peroxide react in this periodic way. 
The decomposition is more raj)id and continuous in strongly alkaline 
solutions, and the inenairy is slowly oxidised when the solution is acid.^ 
A yellowish or brownish-black skin remains after the evolution of 
oxygen during the periodic contact catalysis of hydrogen peroxide 
by mercury. This substance decomposes too violently and too easily 
into mercury and oxygen to be analysed. It may be mercurous per- 
oxydatc, or the mercurous salt of hydrogen j^eroxide, Hg 202 . 

Concentrated hydrogen peroxide converts this skin into an explo- 
sive, brownish-red compound that has the composition IlgOg. Hydrogen 
peroxid(‘ acts explosively on mercurous oxide, even when free acid is 
pres(‘nt. The violence ceases, however, after repeated additions of the 
peroxide, and dark red HgOg is formed. Hydrogen peroxide, therefore, 
oxidises both m(n*cury and mercurous oxide into mercury peroxide. 

The brownish-red mercury peroxide can be more readily prepared 
by the action of hydrogen peroxide on red mercuric oxide. If the 
oxide is finely powdered till its colour is yellow the product is paler and 
more unstable. Some samples of the red oxide decompose hydrogen 
peroxide with the evolution of oxygen, but the addition of a little 
nitric acid induces the formation of the mercury peroxide. Yellow 
mercuric oxide cannot be substituted for the red. 

Mercury p(‘roxide is also formed by interaction between an alcoholic 
solution of mercuric chloride and hydrogen j)eroxide in the presence of 
alcoholic potassium hydroxide solution. This precipitated compound is 
less stable than the other. 

The red peroxide appears to be mercuric peroxydatc, the mercuric 

yO 


salt of hydrogen peroxide, Hg 



Acids dissolve it to form mercuric 


salts and hydrogen peroxide. It also reacts with potassium iodide and 
potassium permanganate like a true peroxide. 

Water hydrolyses it slowly at 0° C. : the washings contain hydrogen 
peroxide, and mercuric oxide is ultimately formed. Hydrolysis is more 
vigorous at higher temperatures; traces of alkali accelerate it; traces 
of acid are retardive. 


The compound is comparatively stable at ordinary temperatures 
when dry. It explodes, however, when struck, and the product from 


^ Gaudechon, loc. cit. * Gaudechon, loc. cit.y 1419. 

* Bredig and Weinmayr, Zeitach, physikaL Chem., 1903, 42 , 601. 

* Bredig and Wilke, Chem, ZetUr,, 1905, i, 64. 
yoh. Ill, : II. 


18 
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the finely powdered oxide will even explode if it is rubbed when still 
moist. It can leave a f^rcy residue by rapid decom])osition, as during 
drying, or decompose slowly into oxygen and red mercuric oxide. It 
does not seem to be affected by light. Since mercury is more feebly 
positive than magnesium, zinc, and cadmium, its peroxide is much 
less stable than the peroxides of these metals. 

Hydrogen peroxide will not convert red oxide of mercury into the 
peroxide unless the solution is sufliciently concentrated : a 30 per cent. 
solution gives good results ; a 15 per cent, solution is ineffective.^ 

MERCURY AND SULPHUR. 

Mercurous and Mercuric Sulphides.— Mercuric sulphide, HgS, 
occurs naturally as vermilion-coloured cinnabar which crystallises 
rhombohcdrally in the hexagonal system. It has a hardness of 2 -0-2 *5 
and a density (1)“/’) 8-176.2 Some specimens from Serbia and 

Austria are radioactive.^ Cinnabar is the stable form of mercuric 
sulphide up to its sublimation point at about 580" C.^ This a-HgS 
is readily prepared by digesting any other form of mercuric sulphide 
with a solution of alkali sulphide . 2 

A crystalline j)owder, coloured like cinnabar, of jS'-IIgS, is obtained 
by precipitating solutions of sodium mercuric chloride, of suitable con- 
centration, with sodium thiosulphate. Its density at 25" C. is 7-20.2 

Metacinnabar, which occurs naturally as a black crystalline mineral, 
Apparently iosmetric, represents a form a'-HgS. It has been prepared 
by the action of an excess of sodium thiosulj)hatc on sodium mercuric 
chloride in dilute solution containing a little sulphuric acid. The 
density of the artificial product at 25" C. was 7-60,2 which corresponds 
closely to determinations of the density of the mineral.® 

The action of sodium thiosulphate upon sodium mercuric chloride 
in solution produces white mercuric chlorosulphide, HgCl 2 . 2 HgS, or 
amorphous black HgS, or the red jS'-HgS, or the black a'-HgS, or 
admixtures of these, according to conditions.® 

^ Antropoff, Zcitsch. Elektrochem., 1906, 12, 585 ; J. prakt. Chem., 1908, [2]. 77, 272 ; 
Fellini, Atti R. Accad. Lined, 1907, [5], 16, ii, 408. 

* Allen and Crenshaw, Amer. J. Sci., 1912, [4], 34, 367. 

Losanitsch, Ber., 1904, 37, 2904. 

* According to Polabon {Corn^yt. rend., 1905, 140, 1391), mercuric sulphide sublimes 
at about 690° C. 

® Moore, Amer. J. Sci., 1872, [3], 3, 36 ; Genth and Fenfield, Armr. J, Sci., 1892, [3], 
44, 383. Spring {Zeitsch. anorg. Chem., 1894, 7, 371) obtained a black form, of density 
8-0395 at 17° 0., by subliming onlinary mercuric sulphide in an inert gas. It was con- 
verted into cinnabar by pi-essure or ammonium sulphide. 

® Allen and Crenshaw, Amer. J. Sci., 1912, [4], 34, 369. According to Sander {Zdtsch, 
angew. Chem., 1916, 29, 11), mercuric thiosulphate is formed when sodium thiosulphate 
acts on mercuric chloride solution, which decomposes, under hydrolysis, into mercuric 
sulphide and sulphuric acid. White mercuric chlorosulphide is then formed by inter- 
action between the sulphide and chloride of mercuiy. Feld {Zdtsch. angew. Chem., 1911, 
24, 290, 1161) said that the mercuric chloride is converted into black mercuric sulphide 
or reduced to calomel. Herschel {Edin. Philos. J„ 1819, i, 28) obtained a yellow pre- 
cipitate with calcium thiosulphate. Rose {Pogg. Annalen, 1834, 33, 240) obtained a 
white precipitate with thiosulphate, which became yellow, then brown, and finally black 
on standing. Kessler {J. prakt. Chem., 1849, 47, 42) obtained a white precipitate by the 
action of trithionate on mercuric chloride, and a yellow by the action of tetra- or penta- 
thionate. Vortmann {Ber., 1889, 22, ii, 2307) obtained black HgS by the action of sodium 
thiosulphate on mercuric salts. The filtrate contained sulphate, a little tetrathionate, and 
no pentathionate. Hausmann (Ber., 1874, 7, 1746) prepared cinnabar by warming a 
solution of mercuric chloride with dilute ammonia solution and sodium thiosulphate. 



MERCURY AND ITS COMPOUNDS. 


275 


Yellow HgCl 2 . 2 HgS was said to be obtained by passing chlorine 
into freshly precipitated mercuric sulphide, and briglit yellow HgClg. 
2HgS, HgClg.SlIgS, and HgCl2.4HgS by the action of mercuric chloride 
solution on mercuric sul))hide,^ but, according to Jolibois and Bouvier, 
the series of colours, from white to black, observed when a solution of 
mercuric chloride is precipitated by hydrogen sulphide, is due to the 
formation of HgCJa ^IIgS only, which is converted into black HgS 
by excess of the gas.^ 

If mercuric iodide in alcoholic solution is first reduced by hydrogen 
sulphide to mercurous iodide, which is then converted into tobacco- 
coloured lIgl 2 . 2 TIgS, and finally into HgS, the action of hydrogen sul- 
phide on mercuric salts may be re]>rcsented by the stages \a) mercuric 
salt, (b) mercurous salt, (c) ng(‘S-IIgll) 2 , {d) HgS.^ 

The black precipitate produced by hydrogen sulphide with mercurous 
salts was said to be a mixture of mercuric sulphide and mercury,^ 
though some mercurous sulphide may be simultaneously obtained 
when the gas acts on mercurous chloride under pressure.^ Mercurous 
sulphide was said to be produced by covering mercury with j^ure con- 
centrated sulphuric acid and allowing the mixture to stand for five years 
in a stoj)pcred bottle. The brownish-black jdates went white when 
heated in a closed tube, then yellow, and finally melted to a dark 
orange-coloured liquid that cooled to a white solid.® HggS has been 
obtained by the action of dry hydrogen sulphide and carbon dioxide 
on pure, dry mercurous chloride at —10^ C., or of dry hydrogen sulphide 
alone on dry mercurous acetate at the same temperature. It is a 
black powder, oxidised by fuming nitric acid but not affected by alkali 
hydroxides, ammonia, ammonium suljihide, and dilute nitric or hydro- 
chloric acid below 0'^ C. It decomjioses above C. into mercuric 
sulphide and mercury.’^ 

Black mercuric sulphide can be precipitated by hydrogen sulphide 
from solutions of mercuric salts containing half their volume of con- 
centrated hydrochloric acid.® According to Linder and Picton, the 
precipitate from the chloride, with or without slight acidification, 
contains a small quantity of combined hydrogen sulphide. The washed 
sulphide dissolves in a solution of hydrogen sulphide to a dark brown 
solution. This solvent effect does not occur if the mercuric sulphide 
is previously boiled with water or heated to 100° C.® The concentrated 
colloidal solution of mereuric sulphide is black and opaque ; more 
dilute solutions arc brown, with a slightly greenish tint by reflected 
light. 

^ Poleck and (ioercki, Ber., 1888, 2 i, 2412. 

^ Jolibois and Bouvier, Com.pt. rend., 1920, 170 , 1497. 

^ Francesohi, Boll, Chini. farm., 1916, 45 , 481. HgBrjj behaves analogously (Franccschi, 
Boll. Chim. farm., 1918, 47 , 221). Bemardi and Rossi (Cazzettn, 1922, 52 , i, 139) obtained 
silky nocdlos of S(Hg OOg CHaig by the action of carbon disulphide on a cold saturated 
solution of mercuric acetate. 

* Guibourt, Ann. Chim. Phys., 1816, [2], i, 424 ; Barfoed, J. prakt. Cham., 1864, [1], 

93 , 230. ® Weinsonenk, Zeitsch. Kryst. Min., 18^), 17 , 498. 

* Baskerville, J. Amer. Chem. Soc., 1903, 25 , 799. 

’ Antony and Sestini, Oazzetta, 1894, 24 , i, 193. 

® Clarens, Bull. Soc. chim., 1916, [4], 19 , 164. 

® Linder and Picton, Trans. Chem. Soc., 1892, 6 i, 123. 

Wenssiger, BuU. Soc. chim., 1888, [2], 49 , 452. For properties, see Picton, Trans. 
Chem. Soc., 1892, 61 , 138. For precipitation by electrolytes, see Freundlich and ^hucht, 
Zeitsch. physikal. Ch^m., 1913, 85 , 643. For adsorbtive properties, see Freundlich and Hase, 
ibid., 1916, 89 , 417. 
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A colloidal solution of mercuric sulphide also results when hydrogen 
sulphide is passed through very dilute solutions of mercuric chloride 
containing formic or citric acid,^ and a stable hydrosol is obtained 
by the action of hydrogen sulphide on mercuric cyanide solution and 
carefully distilling off the hydrogen cyanide.^ 

Sufliciently dilute colloidal solutions of mercuric sulphide in hydrogen 
sulphide solution can be boiled till the hydrogen sulphide is expelled or 
kept for more than a month without alteration.^ 

A deep dark brown colloidal solution is obtained by passing hydrogen 
sulphide through a saturated solution of mercuric cyanide in 97 per 
cent, alcohol. This alcosol is fairly stable, especially in the presence of 
hydrogen sulphide.^ 

Colloidal solutions of mercuric sulphide in various organic media 
have been prepared.® 

The insolubility of mercuric sulphide precipitated by hydrogen sul- 
phide in hydrochloric or nitric acid is used in analysis.® It is usually 
separated from soluble sulphides by mixing cither acid with its own 
volume of water. Concentrated hydrochloric acid appears to have 
some action.*^ Ordinary, pure, boiling nitric acid (density 1*42) appears 
to have no action,® but it converts the sulphides into sulphate if the 
heating is done in a sealed tube at 120° C.® The compound lIg(N 03 ) 2 . 
2HgS was obtained by prolonged boiling of IlgS with nitric acid of 
density 1 -52, and white crj^stalline 2Hg(N()3)2.IIgO.GlIgS.12ll20 by heat- 
ing either the black sulphide or cinnabar to 120° C. in a sealed tube 
with acid of density 1 -2.® According to Howe, yellowish-white Hg(N 03 ) 2 . 
2lIgS is produced by the action of concentrated boiling nitric acid on 
mercuric sulphide if a little hydrochloric acid is present, which dissolves 
in a rather larger quantity of the latter acid.® 

Mercuric sulphide dissolves readily in aqua regia or hydrobroniic 
acid.^® Hydrogen sulphide will only precipitate a very dilute solution 
of mercuric iodide in hydriodic acid, and mercuric sulphide, crystalline 
or amorphous, dissolves in concentrated hydriodic acid when cold and 
in more dilute acid when warm.^^ 

A mixture of equal volumes of potassium sulphide and potassium 
hydroxide dissolves precipitated mercuric sulphide, and all mercuric 
sulphides dissolve easily in concentrated solutions of sodium or potass- 
ium sulphide.^® A solution containing 1-52 molecule per litre of 
sodium sulphide dissolves 0*7832 molecule per litre of the red sul- 
phide and 0*8561 of the black. With more concentrated solutions the 

^ Proctor and Seymour- Jones, J. Soc, Chem. Ind.^ 1911, 30, 404. 

2 Lottermoser, J. prakU Chem.^ 1907, [2], 75, 293. 

® Wenssinger, BulU Soc. chim., 1888, [2], 49, 462. 

* Ostwalcl, Trans. Faraday Soc., 1921, 16, 90. 

® Lefort and Thibault, J. Pharm. Chim., 1882, [6], 6, 169 ; Hausmann, Zeitsch. anorg. 
Chem., 1904, 40, 122; Pieroni, Oazzetta, 1913, 43, i, 197 ; Lc^wis and Waumsley, J. Soc, 
Chem. Ind., 1912, 31, 618. 

® Antony and Niccoli, Oazzetta, 1892, 22, ii, 408. 

’ Berthelot, Jahresber., 1874, 119. 

® Howe, Amer. Chem. J., 1886, 8, 76. 

® Gramp, J. prakt. Chem., 1876, f2], 14, 299. 

Rising and Lcnher, J. Amer, Chem. Soc., 1896, 18, 96. 

Kekulo, J. prakt. Chem., 1862, [1], 87, 471. See Gutman, Biochem. Zeitsch., 1918, 89, 
199. 

Polstorff and Bfilow, Arch. Pharm., 1891, 229, 292. 

** Allen and Crenshaw, Amer. J. Sci,, 1912, [4], 34, 368. 
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solubility of the black sulphide cannot be determined, because it changes 
too rapidly into the red variety.^ 

The predominatit complex in solutions of iiiercuric suli)hide in 
sodium sul])hide is NagS.HgS, though yellow crystals of ‘iNaaS.SHgS. 
SHgO have bt^eii obtained.^ 

The double sulphides of potassium and mercury, 
K 2 S.HgS.lI 20 , 3 KgS.IIgS 51120,3.^ KgS.HgS.THaO,^ ‘ K2S.2HgS,4 
KgS.SlIgS.SHgO,^ have been described. 

Ill the wet })rocess for })rcparing vermilion, in which black mercuric 
sulphide is digested with potassium sul[)hidc at a temperature not 
exceeding 45° C., the compound K 2 S-'>Hgi^. according to Ditte,^ is 
successively formed and decomposed with the formation of the red 
sulphide until the original sulphide is all transformed. 

Though the slight solubility of mercuric sul})hide in ammonia may 
affect toxicological estimations of small amounts ol* mercury,® mercuric 
sulphide is virtually insoluble in ammonia, ammonium sulphide, sodium 
or potassium hydroxide. Cinnabar is slightly soluble in sodium car- 
bonate solution ’ and dissolves in sulphur monochloride.® 

Mineral cinnabar has probably been deposited from alkali sulphide 
solutions of mercury,® and metacinnabar is ])robably a characteristic 
secondary mineral deposited from acid solutions.^® 

Mercuric sulphide, red or black, is not acted upon by sulphuric 
acid at ordinary temperatures. Sulphur dioxide is iierccptible at 
115° C., freely evolved at 150° C., and sulphur sensibly sublimes at 
175° C. with the black sulphide. Cinnabar reacts similarly but less 
readily. The boiling acid converts the suljihidc? largely into mercuric 
sulphate but partly into sulphato-sulphide, probably lIgS 04 . 2 lIgS, 
which apparently decomposes on prolonged action. 

The heat of reaction from black amorphous mercuric sulphide to 
the red amorphous form is, according to Varet,^® 0-240 Cal., and from 
red amorphous to red crystalline 60 Cal. When hydrogen sulphide acts 
upon mercuric oxide suspended in water the heat of reaction is 24-650 
Cal. 

Mercuric sulphide fuses at 1450° C. under a 2 )ressure ol 120 atmo- 
spheres, and a steel -grey matt solid results that goes red when rubbed, 1 ® 
and, in addition to the production of cinnabar by treatment, under 
various conditions, of other mercuric sulphides with ammonium or 
alkali sulphides, 1 ® various organic corni^ounds, containing mercury and 

* Knox, ZeAtsdi. Ehktroclmn,.^ 1900, 12, 477. 

* Knox, Tram, Faraday Soc., 1908, 4, 29. Accojdiiig to Alien and Orenshaw {Atmr, 
J. Sci., 1912, [4J, 34, 368),‘2Na3lS.HgS also exists. 

3 Ditte, Ann, Chirn. Phys., 1907, [8J, 12, 229. 

^ Schneider, J. prakt, Chem.t 1866, [1], 98, 238. 

Ditte, Gompt. rend,, 1884, 98, 1380. 

® Ghigliotto, Ann, Chim, anal,, 1923, 5, 326. 

’ Ippen, J, Chem, Soc., 1896, 70, Aba. ii, 108. 

* vSmith, J, Amer. Chem. Soc., 1898, 20, 291. 

* Becker, Amer, J. Sci., 1887, [3], 33, 199. 

10 Allen and Crenshaw, ibid., 1912, [4], 34, 367. 

n Berthelot, Ann. Chim, Phys., 1898, [7], 14, 198. He observed no hydrogen sulphide. 

Divers and Shimidzu, Chem, News, 1885, 51, 193. 

Varet, Gompt, rend., 1896, 120, 1114. 

1* Berthelot, ibid., 1874, 78, 1176. 

Tiede and Schleede, Ber,, 1920, S3®i 1717. 

Ippen, J. Chem. Soc., 1896, 70, ii, 108 ; Allen and Crenshaw, Amer. J. Sci., 1912, [4], 
34, 367. 
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sulphur, form red mercuric sulphide when shaken with ammonium 
sulphide.^ Small red crystals of cinnabar were also obtained by heating 
mercury at 70°-90^ C. on a water-bath for six days in an atmosphere of 
hydrogen sulphide.^ 

Vermilion has been commercially 2 >repared by many modifications 
of the wet process in which alkali sulphides act u]3on amorphous 
mercuric sulphide. Chinese vermilion, famous for its fine colour, is 
said to be prepared by the direct combination of sulphur and mercury 
under heat ^ or by inirifying fine cinnabar by sublimation.^ Picton 
and Linder ® advised the jm^paration of a colloidal solution by sus})cnding 
precipitated mercuric sul})hide in water and 2 )assing in hydrogen suli)hidc. 
Pure vermilion is deposited when this solution is heated for several 
hours in a closed vessel at 160°-170° 

Light has a darkening effect on the surface of cinnabar,^ and the 
substance dissociates into mercury and sul})hur above a red heat."^ 

/SO.OHgO^ 


Mercuric Oxysulphite, Hg 




>Hg.H20, is 2 )recipi- 


SO 2 OHgO" 

tated as a faintly yellow, curdy, or granular salt from solutions of 
normal mercuric nitrate, slightly acid with nitric acid, by solutions of 
normal sodium sulphite or mercuric sodium suli)hite. Silver sulphite 
also preeijntates it from a solution of mercuric nitrate, and an alkaline 
solution of sodium sulphite or mercuric sodium sulf)hitc from mercuric 
sulj^hate solution. 

Even when rendered anhydrous in vacuo over sul})huric acid it 

.OSOgOv 


gradually changes into mercurous sulphate, llg.j 




'0S0»0 




The 


change is more raj)id when moisture is im^sent. 

Mercuric oxysulphite is explosive, and decomposes on heating with 
water. The action of aqueous hydrochloric aedd, which converts it into 
mercuric chloride and sul 2 )hurous acid, indicates that it is a suli)hite. 


.SO2O. 

Mercurosic Sulphite, Hg<^ ^Hg2.4H20, is temporarily 

formed during the gradual addition of hydrochloric acid to mercuric 
oxysulj)hite. Mercurosic sulphite also results from the action of 
aqueous sulphurous acid on mercuric oxide, or mercuric nitrate solution, 
or mercuric suljdiate solution. It is also formed when a warm solution 
of mercuric sodium sulphite acts on mercuric oxide. It is produced by 
the action of mercuric sodium sulphite solution on mercurous sulphate 
or mercurous nitrate solution, and when hypomercurosic sulphite acts 
on a solution of either mercuric nitrate or mercuric sulphate. 

It is amorphous or crystalline according to conditions, and may 
apparently be pale buff as well as white. It is insoluble in water, very 
efflorescent, and, though subject to discoloration, fairly stable when 


^ Alvisi, Beal. Accad. dei Line., 1898, 7 , 97, 

* Boelter, ZeiUch. Kryat. Min., 1886, ii, 29. 

* J. 80 c. Chem. Ind., 1882, i, 96. 

* Ibid., 1890, 9 , 1047. 

6 English Patent, 5120 (1892). 

* Heumann, Ber., 1874, 7 , 760. 

’ V. and C. Moyer, ibid., 1879, 12 , 1112. Pels bon {Compt. rend., 1901, 132 , 1411) hai 
studied the reaction (rerersible) between mercuric sulphide and hydrogezL 
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dry. It decomposes at 80 ° C., and is tumultuously converted into 
mercury and sulphuric acid by treatment with water. Since hydro- 
chloric acid decomposes it into sulphurous acid and the two chlorides 
of mercury, it is a sulphite and both a mercuric and mercurous salt. 

. 80 , 0 . 

Hypomercurosic Sulphite, Hg< >Hg3.H.O, is formed 

when aqueous sulphurous acid acts uf)on mercuric oxysulphite, or 
mercurosic sulphite, or mercurous sulphate, or mercurous nitrate solu- 
tion, when sodium sulphite solution acts upon mercuric oxysulphite, or 
mercurosic sulphite, or mercurous sul]3hate, or mercurous nitrate solution, 
or mercurous chloride, and when silver sulj)hite reacts with an aqueous 
solution of (‘itluT mercurous nitrate or mercurous sulphate. 

It is a ^^u'cyish-blaek, amorphous substance, voluminous and floe- 
eiihait. It is fairly stable when dry, but sensitive to moisture and 
readily d(‘C()m])osed by water. A temj)erature of 80 ° U. rapidly decom- 
poses the dry salt. Its behaviour with rea^Haits indicates that it is a 
mercuric hypomercurous salt. 

The mercury sulphit(‘s resemble the suljihonates in not suffering 
atmospheric oxidation, and their acid radicle has a partly haloid 
character.^ 

If precipitated mercuric oxide is added, rinely divided and sus- 
pende(l in watcT, to aqueous suljihurous acid that does not contain 
much sulphuric acid, the solution reacts as if it were mercuric sulphite 
dissolved in suljihurous acid. Only a weak solution can be prepared 
which probabl}^ contains mercuric hydrogen sulphite, IIg(S02.0H )2. 
The solution is very unstable and hydrolyses readily. Mercuric 
oxysul]jhitc can be substituted for mercuric oxide, and several other 
methods of preparation are possible. 

The reactions of the double sulphites of mercury and the alkalies, 
such as Na2SO3.HgSO3.lI2O, indicate that they should be considered 
as salts of mercury suli)honic acid and be formulated as lIg(S02.0R)2. 
XllgO.^ This is confirmed by the electrolytic and eryoscopic behaviour 
of their solutions.® Solutions of sodium mercuric sulphite, either on 
warming or standing, also decompose into sodium sulphate, sulphur 
dioxide, and mercury without any sign of dithionie acid.^ Unstable 
Ag^SO^JIgSOa® seems to have been prepared. 

Mercurous Sulphate, Hg2S04, is a white powder that may be 
amorphous and pulverulent ® or crystalline. It can be prepared by 
treating mercury dissolved in nitric acid, or a solution of mercuric 
nitrate, with sulphuric acid,’ or a solution of sodium sulphate.® By 
adding a solution of mercury in nitric acid to an excess of sulphuric 
acid diluted with four volumes of water, drop by drop, the precipitated 

^ Divers and Shimidzu {Trans. Chem. Sor., 1886, 49 , 533 ; Proc. Chem. Soc.^ 1886, 2 , 
139), who made a lengthy study of the mercury l»ulphites, decided that other sulphites 
described by various chemists do not seem to exist. P 6 an de Samt-Gille.s {Ann. Chim. 
Phys., 1852, [3], 36 , 80. See also Annalen, 1852, 84 , 264) investigated the mercury sul- 
phites. Also see Rammelsberg. Pogg, Annalen, 1846, 67 , 405 ; Wicke, Anruden, 1855, 
95 , 176 . 

* Divers and Shimidzu, Trans. Chem. 80 c., 1886, 49 , 533 ; Proc, Chem, Soc., 1886, 2 , 139. 

® Barth, Zeitsch. physikal. Ckern., 1892, 9 , 176. 

* Baubigny, Compt. rend.y 1912, 155 , 833. 

® Barth, Zeitsch. physikal. Chem.y 1892, 9 , 195. 

* Varet, Ann. Chim. Phys., 1896, f7], 8 , 117, 

’ Waokenroder, Annalen, 1842, 41 , 319 ; Stiideler, 1853, 87 , 132, 
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salt is said to be free from nitrate.^ The commercial product can be 
purified from nitrate by heating with a little mercury and concentrated 
sulphuric acid at 150° C. and pouring into dilute sulphuric acid/ or 
by heating with a little mercury and dilute sulphuric acid in a sealed 
tube. 2 AVhite crystalline mercurous sulphate can also be obtained by 
acting upon excess of mercury with sulphuric acid at moderate tempera- 
tures/ but mercury is preferably allowed to stand in the cold in con- 
tact with fuming sulphuric acid rich in sulphur trioxide. The excess 
of sulj)hur trioxide can be subsequently expelled by warming.^ The 
product may be finally added to dilute sulplxuric acid.^ Pure crystals 
of mercurous sulphate arc obtained by electrolysing sulphuric acid with 
a mercury anode. No mercuric salt contaminates the salt deposited on 
the mercury. Wolff used a mercury cathode and 5 per cent, acid.® 
Carhart and Hulett used a jfiatinum sheet cathode, acid diluted with 
six volumes of water, and a current of O-S amp. Some finely divided 
mercury, according to them, dejxosits with the mercurous sulphate and 
prevents the formation of mercuric sulphate.® 

Mercurous sulphate is also obtained when mercuric sulphate and 
mercury are rubbed and moistened with alcohol or water or a little 
sulphuric acid.’ 

The solubility of mercurous sulphate in water is 0 055 per cent, 
at l()-5° C. and 0 092 at 100° C. : ® it is depressed in the presence of 
sul[)huric acid or potassium sulphate.®' ® The deposition of mercury 
on the platinum cathode when the electrolytic jxreparation of mercurous 
sulphate has been proceeding for some time indicates the slight solu- 
bility of the salt.® Since washing with pure water converts it into 
a basic salt, it should he washed with water acidified with sulphuric 
acid.® The yellow basic sulphate produced by the action of water has 
a greenish tinge, has the composition Hg 2 O.IIg 2 SO 4 .li 2 O, and dissolves 
in 25,000 parts of water at 20 ° C. Water containing 0 08 grrn. sulphuric 
acid ])cr litn* docs not convert the normal into the basic salt, and with 
higher proportions of acid the basic salt is converted into the normal. 

The crystals of mercurous sul})hate are monoclinie,^^ and isomorphous 
with mercurous nitrate. Those taken from a dismantled mercury 
furnace at Idria had a density of 8*353.^® The specific heat of the 

' Smith, liriU Assoc. Meporfy 1905, 100. * Fox, Brit, Assoc, Report, 1909, 467. 

® Baskerville and Miller, J, A^mr. Chem. 8oc„ 1897, 19 , 873. 

* Divers and Shimidzu, Trans. Chem. Soc., 1885, 47 , 639. 

® Wolff, Trans. Amer, Electrochem. 80c., 1904, 5 , 56. 

* Carhart and Hulett, Trans, Amer. Electrochem. 80c., 1904, 5 , 61. For methods of 
preparation, also see Smith, Proc. Roy, 80c., 1908, 80 A, 76. 

’ Hada, Trans. Chem. 80c., 1896, 69 , 1672. 

* Barre, Ann. Chim. Phys., 1911, [ 8 ], 24 , 145. Slightly lower values have been given. 
See Wright, Phil. Mag., 1884, [5], 17 , 288; Wilsmore, Zeitsch. physikal. Chem., 19W, 3 $, 
305. 

» Druoker, Zeitsch. anorg, Chem., 1901, 28 , 361. (Solubility in water =0-68 grra. per 
litre at 25° C.) 

Gouy, Compi, rend., 1900, 130 , 1399. Cox confirmed HgaO.Hg 2 SO 4 .H 2 O, and found 
no other basic phase (Zeitsch. anorg. Chem., 1904, 40 , 179). Aocoiding to Hada (Trans. 
Chem. 80c., 1896, 69 , 1672), boiling with water effects a slight conversion into mercuric 
sulphate, mercury, and sulphuric acid, Barre (Ann. Chim. Phys., 19U, [ 8 ], 24 , 145) 
suggested that the effect of washing with water is rather more complicated than represented 
by Gouy, since some metallic mercury is also produced. 

de Schulten, Bull. 80c. fran^. Min., 1903, 26 , 113. 

Carhart and Hulett, loc. cit. 

Seyfriedsbe^er, Zeitsch, Kryst, Min., 1890, 17 , 433. 



281 


MERCURY AND ITS COMPOUNDS. 

substance between 18-5° C. and 22-5° C. is 0 06400,i and its molecular 
heat varies from 16-74 at —190° C. to 25-9 at —70° C.,^ and 31-88 at 
+18-5°-22-5° The heat of formation of the solid from liquid 

mercury, gaseous oxygen, and solid sulphur is 175-0 Cal., and from 
solid mercurous oxide and sulphur trioxidc 49-0 Cal.® 

Light soon turns mercurous sulphate grey, and the discoloration 
was referred to the formation of an oxy-salt.^ Though the substance 
may become dark brown or black on exposure, the change seems to 
be superficial,® and mercurous sulphate need not be classed among 
the unstable compounds.® lluchner advised that mercurous sulphate 
should be kept moist and in contact with metallic mercury. He thought 
that water reversed the change into iuercurie sulphate and mercury 
effected by light,® but Skinner, who found that the ultra-violet rays 
were responsible for the darkening, thought that either a sub-salt was 
formed or polymerisation occurred. The rays from radium bromide 
act on the substance like light.’ The discoloration can be removed 
by heating with mercury and dilute sui])huric acid in a sealed tube.® 

Fourcroy obtained a grey product by the action of ammonia on 
mercurous sulphate,® and various compounds have been said to result 
from this action ; but, according to Saha and Choudhury, the product 
is (NIl2lJg)2S04.2lIg0.2H20.ii 

The ])ropertics of mercurous sulphate are im])ortant for its use in 
the Weston standard cell. 

The acid salt, 1 lg2S04.n2S04, was obtained in rhombic prisms by 
coverijig mercury for tw'o years with suli)huric acid containing a little 
nitric acid. The crystals remained transparent only as long as they 
were well covered with sulphuric acid, and exposure rajudly transformed 
them into a delicpieseent white powder.^® The existence of Hg2S04. 
H2SO4 has been confirmed by a study of the system Hg2S04— 112804.^® 

There is no evidence for the existence of the double salt, Hg2S04. 
K2S04,^'‘ but lIg2S04.11gS()4 has been reported.^® 

Mercuric Sulphate, HgS 04 , is a white opaque mass ^® of rhombic 
crystals that arc sometimes four-sided plates.^’ Some rhombic crystals 
from a dismantled mercury furnace at Idria had a density of 5-995.^® 

It can be prepared by heating mercury with sulphuric acid and 

^ Cohen, Kruisheer, and Moesveld, Zeitsvh. physikal, (Mem., 192U, 96, 437. 

^ Pollitzer, Zeitsch. Ehktrochmh,, 1911, 17, 0. 

» Varet, Ann. Chim. Phys., 1896, [7], 8, 117. * {Stiidcler, Annalm, 1853, 87, 132. 

® Hada, Trans. Chem. Soc., 1896, 69, 1672. He found that mercuroUH sulphate is partly 
oxidised into mercuric sulphate by heating in a sealed tube at ISO*^ 0. for six hours with 
dilute sulphuric acid in the presence of oxygen. 

® Buchner, Chem. ZeiL, 1886, lO, 759, 790. 

’ Skinner, Proc. Canib. Phil. 80 c., 1904, 12, 260. 

® Fox, Brit. Assoc. Report, 1909, 457. 

® Fourcroy, Ann. Chim., 1791, 10, 311. 

Pesci, Oazzetta, 1890, 20, 485 ; 1891, 21, ii, 569. 

Saha and Choudhury, Zeitsch. anorg. Chem,, 1914, 86, 239. 

Braham, Chem. News, 1880, 42, 163. 

Kendal and Davidson, J. Anier. Chem. Soc., 1921, 43, 985. 

Barre, Ann. Chim. Phys., 1911, [8], 24, 202. 

Brooks, Pogg. Annalen, 1845, 66, 63. See Baskerville and Miller, J. Amer. Chem. 80 c., 
1897, 19, 875. Kissfeldt, Arch. Pharm., 1853, [2], 76, 16. 

Hoitsema, Zeitsch. physikal. Chem., 1895, 17, 655. 

Seyfriedsberger, Zeitsch. Kryst. Min., 1890, 17, 433. 

Excess of sulphuric acid and high temperature favour the production of the ic salt 
(Baskerville and Miller, J. Amer. Chem. 80 c., 1897, 19, 873). 
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expelling the excess of acid.^ A little nitric acid may be added before 
driving off the sulphuric acid.^ The separated sulphate can be washed 
with 7 N sulphuric acid and dried.® 

Cameron obtained it by the evaporation in vacuo of a solution of 
cither the basic sulphate in selenic acid or the basic selenate in sulphuric 
acid.^ 

The nionohydrate, HgSO^.IlgO, separates in colourless rhombic plates 
when a solution of mercuric sulphate in sulphuric acid, with appropriate 
concentrations of HgO and SO 3 , is evaporated over sulphuric acid. ^ 

The prolonged action of a ^small quantity of water on mercuric 
sulphate produces colourless crystals of IIgO. 2 HgSO 4 . 2 H 2 O,® but the 
usual hydrolytic product when water acts uj:)on the salt is the familiar 
turpeth mineral^ that has been prepared by treating mercuric sulphate 
with warm water, washing the yellow-orange product till free from acid 
and drying at 110'^ C.® Fourcroy, in 1791, realised that it was a basic 
salt,'^ and the composition of the small yellow tetragonal crystals is 
2 Hg 0 .HgS 04 .^ The hydrolysis, during which sulphuric acid is formed, 
is reversed by excess of acid, and the mercury salt in solution is the 
normal salt.® Though other basic sulphates have been reported,® 
apparently only the compounds HgS 04 , HgS 04 .H 20 , SHgO.SOg, and 
8 HgO. 2 SO 3 . 2 H 2 O occur in the system HgO — 803 — 1120 .^’ 

According to R4y,^^ turpeth mineral occurs as the hemihydrate in 
an a-form and a j 8 -form, as well as in an anhydrous y-form. It has 
frequently been prepared by precipitating a hot solution of mercuric 
nitrate with sodium sulphate, and it is also precipitated when mercuric 
oxide is added to ferric sulphate solution.^® 

According to Cameron,^® it dissolves in 82,258 parts of water at 
10° C. when freshly precipitated, and in 48,478 parts after drying at 
100 ° C. 

When it is heated the mercuric oxide is given up as mercury and 
oxygen, and some of the mercuric sulphate decomposes into mercury, 
sulphur dioxide, and oxygen. At about 400° C. the remaining mercuric 
sulphate fuses to a brown liquid and volatilises as mercurous sulphate : 

2 HgS 04 ==:Hg 2 S 04 + SOa+Oa.^^ 

Mohr^^ noted that mercuric sulphate became yellow and then red on 
heating, and Lavoisier observed that it gave off sulphur dioxide, oxygen, 

^ Hoitsema, Zeitsch. phyaikal. Chem., 1895, 17 , 655. 

* Varet, Ann. Chim. Phyft., 1896, [7], 8 , 105. 

® Cox, Zeitsch. anorg. Chem., 1904, 40 , 165. 

* Cameron, Analyst, 1880. 5 , 144. 

® Hoitsema, Zoc. cit. Eissfeldt {Arch. Phann., 1853, [2J, 76 , 16) mistook them for 
a monohydrate. ® Phillips, Phil. Mag., 1831, [2], 10 , 206. 

’ Fourcroy, Atm. Chim., 1791, 10 , 305. 

» Ditte, Compt. rend., 1874, 79 , 915; lo Chatelier, ibid., 1884,98, 675; 1885, lOO, 737; 
Varet, loc. cit. ; Oox, loc. cit. 

® Hopkins, Amer. J. Sci., 1836, [1], 18 , 264 ; Athanesco, Compt. rend., 1886, 103 , 271 ; 
Chateau, BuU. Soc. chim., 1916, [4], 17 , 121. 

Kendall and Davidson (J. Amer, Chem. Soc., 1921, 43 , 986) found no indication of an 
acid salt. 

R&y, Trains. Chem. Soc., 1897, 71 , 1098. 

Mailhe, Compt. rend., 1901, 132 , 1660. 

Cameron, Analyst, 1880, 5 , 144. This differs greatly from Fourcroy {Ann. Chim., 
1791, [ 1 ], xo, 307), who said it dissolved in 2000 parts of water at 10® C. and in 600 parts 
at boiling-point. 

Mohr, Annalen, 1839, 31 , 184. 
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and the lar^jfer proportion of its mercury when strongly heated. ^ When 
heated with carbon it is reduced to mercury, and, according to Gay- 
Lussac, ^ sulphur dioxide and carbon dioxide are evolved in about ccjual 
volumes. 

The heat of formation of solid mercuric sulphate from liquid mercury, 
solid sulphur, and gaseous oxygen is 1()51 Cal., and of turpeth mineral 
218-9 Cal.3 

The double mils, K2S0^.3ngSO,i.2ll20,^ (Nil, )2S04.3HgS0.,. 21120,^ 
and Hg2S04.HgS04,^ also the compounds IlgS.^UgSO,.® IlgS. 
2lIgS04,6>7 IlgO.HgS.HgSO,,® 2HgS.2lIgS04,« 2lIgS.llg804,» and 
SHgS.IlgSO,,® have been rei)orted. 

Mercuric sulphate is insoluble in licjuid ammonia,^" but white or 
yellowish am tnoida turjxi If results Avith aqueous ammonia.^ ^ A number 
of mixed hydro-hasic-am monobasic sulphates Iuia e been pre])ared.^‘'^ The 
most definitely established compound, according to Franklin, may 
be formulated as the sulphate of MilloiCs base, {lI0.Ilg.NIl.IIg)2S04. 
This ammonia turj^eth is formed by the action of sulphuric acid on 
Millon’s base, which may be regarded as dihydroxymcrcuriammonium 
hydroxide, Nll2(Hg.OIl)2.01I,^^ though it lias been very variously 
formulated. 

Tlie diammino-sul]diate, JIgS04.2NIJ3, seems to result from the 
saturation of aqueous ammonia with mercuric sulphate and evaporation 
to dryness. Its monohydrate was obtained crystalline by dissolving 
mercuric oxide in ammonium sulphate solution and evaporating.^® 

The sulphate (NIlg2)2^^04.H20 has been prej^ared.^’ 

Compounds of mercuric sulphate with hydroxvlaminc, IlgSO,. 
NHgOH.IIgO,!® and hydrazine, IlgS04.N2ll4/® liave been prepared. 

Mercurous Thiosulphate, HggSgOg, is only known as cuprous 
mercurous thiosul])hate, SCugSgOg.SHggSgOy, which separates as a 
brownish-red precipitate wdien copper sulphate is added to a solution 
of 5K2S2O3.3HgS2O3.20 

Mercuric Thiosulphate, HgSgOg, is only knowm in double salts. 21 
Prismatic colourless crystals of 5K2S203.3HgS203 have been obtained 

' See Eourcroy, Ann. Chim.., 1791, [1], 10 , 295. 

* Gay-Lussac, Ann. Chim. Phys., 183(5, [ 2 J, 63 , 438. 

3 Varet, ibid., 1896, [7], 8 , 140. 

* Wirzel, Jahreaber., 1850, 332. 

® Brooks, Pogg. Annalen, 1845, 66, 63. See Baskerville and Miller, J. Amer. Chem. tSoc., 
1897, 19 , 875. 

« Spring, Annalen, 1879, 199 , 116. ’ Balm, Jahreffber., 1862, 221. 

® Jacobson, Pogg. Annalen, 1846, 68 , 410. 

® Barfoed, J. prakt. Chem., 1864, [1], 93 , 230 ; Kessler, Ann. Phys. Chem., 1879, [2], 6 , 
615. 

Franklin and Krauss, Aimr. Chem. J., 1898, 20 , 829. 

” Fourcroy, Ann. Chim., 1792, [ 1 ], 14 , .34 ; Kano, Ann. Chim. Phys., 1839, (2J, 72 , 226. 

Millon, Ann. Chim. Phys., 1846, [3], 18 , 402 ; Schmioder, J. prakt. Chem., 1868, [ 1 ], 
75 , 129; Rammelsberg, ibid., 1888, [2], 38 , 565', Pesci, Gazzetia, 1890, 20 , 486; Saha 
and Choudhuri, Zeitsch. anorg. Chem., 1914, 86 , 239. Franklin {J. Amer. Chem. 80 c., 1907, 
29 , 61) tabulates them. 

1 * Franklin, J. Amer. Chem. Soc., 1907, 29 , 62. 

Hofmann and Marburg, Annalen, 1899, 305 , 191. 

A® Franklin, loc. cit., 40. Franklin, he. cit, 49. 

” R&y, Proc. Chem. Soc., 1904, 20 , 260 ; Trans. Chem. 80 c., 1905, 87 , 9. 

Adams, Amer. Chem. J., 1902, 28 , 209. 

1 ® Hofmann and Marburg, loc. cit., p. 216. 

Rammelsberg, Pogg. Annalen, 1842, 56 , 319. 

Dammer, Haindbuch der Anorganisch. Chem. (Enke, Stuttgart), 1894, 2 , ii, 887. 



284 


BERYLLIUM AND ITS CONGENERS. 


by the action of warm potassium thiosulphate solution on freshly 
precipitated mercuric oxide. The salt was crystallised by evaporating 
the alkaline liquid on the water-bath.^ It does not darken in the 
light.^ If the solution is evaporated over concentrated sulphuric acid 
with an excess of }>otassium thiosulphate, small colourless crystals 
of tJK 2 S 203 .IIgS 203 . 3 ll 20 separate. They are stable in light but 
become opaque in contact with water. Small prismatic crystals of 
5 K 2 S 2 O 3 .lIgS 2 O 3 .TI 2 O are obtained by evaporation at about 85"^ C. with 
a great excess ol‘ potassium thiosulphate.® 

The double salts, Na 2 wS 203 .HgS 203 , 4 (NIl 4 ) 2 S 203 . 11 gS 203 . 2 H 20 , 
CaS 203 .ngS 203 , SrS 203 .HgS 203 , and BaS 203 . 1 IgS 203 , have also been 
reported.^ 

Mercurous Dithionate, HggSgOg, a})pears to have been prepared 
by the action of tlic acid on freshly precipitated mercurous oxide, but 
the mercuric salt could not be analogously prepared.^ 

Yellow lIg 4 S 404 was obtained from the action of tetrathionic acid 
on mercurous nitrate. It has a density of 0-4159 at ‘JO"" C., is insoluble 
in water, and dccom[)oscs, with the formation of black mercuric sulphide, 
in the light at 50 C.® 


MERCURY AND SELENIUM. 

Mercuric Selenide. — Tiemannite, HgSe, occurs as a blackish-grey 
mineral. It crystallises tctragonally in the isometric system with a 
density of 8-2 and a hardness of 2*5. It is readily volatile. 

Mercuric selenide is j)rccipitated by hydrogen selcnidc from solutions 
of mercuric salts,® and is decomposed by hydrogen above 400° C. into 
hydrogen selenide and mercury. This action is reversible."^ 

The heat of formation of the amor})hous form is 6-66 Cal., and of 
the crystalline form 2-20 Cal.® 

Mercurous Selenite, HggSeOg, is obtained as a white powder, 
stable to light, by precipitating a solution of mercurous nitrate with 
sodium selenite. Ry heating above its melting-point, 180° C., it is con- 
verted into th(i acid salt, SllggO.lSeOg, which is a dark red, opaque, 
crystalline mass of density 7-850 at 18-5° C.® 

Mercurous selenite is not decomposed by potassium selenite into 
mercuric salt and mercury.^® The basic salt, 3 Hg 2 O. 2 SeO 2 . 5 H 2 O, is 
probably partly converted into mercuric selenite at temperatures 
above 150° C. Yellow crystals of ngSc 03 also appear to be formed by 
the action of nitric acid on the basic salt.^^ 

Mercuric Selenite, HgSeOg, is precipitated as a white crystalline 
powder by interaction between solutions of mercuric nitrate and sodium 
selenite, or by adding mercuric oxide to a solution of sodium hydrogen 
selenite. It is insoluble in water or cold dilute nitric acid, but dissolves 

^ Fock and Kluss, Ber., 1891, 24 , 1351. 

* Rammelsberg, Pogg. AnmUn, 1842, 56 , 315. * Dammer, loc. cit 

* Rammelsberg, loc. cit., 1843, 59 , 472. 

® Spring, Annalen, 1879, 199 , 116 ; Wackenroder, ibid,, 1846, 60 , 190. 

« Reeb, J. Pharm. Chim., 1869, [4], 9 , 173. 

’ P^labon, Bull. 80 c. chim., 1900, [3], 23 , 211. 

« Varet, Ann. Chim, Phys„ 1896, [7], 8 , 127. 

® Kohler, Pogg. Annahn, 1853, 89 , 146. 

Divers and Shimidzu, Trans, Chem, Soc., 1886, 49 , 585. 

Boutzoureano, Ann, Chim, Phya., 1889, [ 6 ], 18 , 323. 
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readily in hydrochloric acid.^ The action of selenious acid on precipi- 
tated mercuric oxide seems to result in the formation of an insoluble 
basic salt. 2 

Mercuric selenite apparently results from the action of sclenic acid 
on excess of mercury. Some selenate, perhaps by decomposition of 
the selenite, is produced if the acid is in excess, and the usual product 
when selenic acid acts upon mercury is a mixiiire of the two salts. 
There seems to be no acid mercuric selenite.^ 

Mercuric selenite dissolves in a solution of potassium selenite. 
Neither this solution nor a solution of mercuric oxide in the same 
solvent is precipitated by i)otassium liydroxidc^^ The double s(df, 
NagSeO^.HgSeO^, has been prepared.^ 

Mercurous Selenate. - According to Kdhl(‘r, interaction between 
solutions of sodium selenate and mercurous nitrate ])roduces a white 
precipitate that goes yellow on washing and dissolves slightly. The 
colour becomes dce}>cr on diwdng at 100*^ C., and light quickly turns 
the salt grey. Kohler regarded it as a mixture of the normal selenate, 
Hg2Se04, and a basic selenate, Hg20.1Ig2Se04. Th(‘ substance, whose 
composition approximated to OHggO.SSeOg, was only slightly soluble 
in hot nitric acid. Selenium separated when it was heated with hydro- 
chloric acid. 2 

According to Cameron and Davy, selenic acid or an alkali selenate 
precipitates a greyish -white substance from a solution of mercurous 
nitrate. It is almost insoluble in water or hydrochloric acid, but is 
converted into mercuric selenate, wdth evolution of nitrogen peroxide, 
by boiling with nitric acid. Jt is very sensitive to light.® 

Mercuric Selenate. — White mercuric selenate can be obtained by 
heating freshly prcci})itated mercuric oxide or mercuric acetate with 
excess of selenic acid and expelling, by heat, the acetic acid or selenic 
acid. It can be obtained in small crystals from its solution in selenic 
acid. It dissolves in sulphuric, nitric, and hydrochloric acids.® The 
rnonohydrate, HgSe04.H20, was said to deposit on careful evaporation 
of the solution of mercuric oxide in selenic acid.® 

The basic salt, SllgO.SeOg, is prc‘ci}>itated from mercuric acetate 
solution by soluble selenates or selenic acid. It has a fine red colour 
and is soluble in selenic and mineral acids. ](), 3;30 parts of water 
dissolve it.® Water also converts the normal selenate into a red basic 
salt which, according to Kohler, is 6HgO.2ScO3.lI2O.® 

Ammonia dissolves tlie neutral or moist basic salt. This gives a 
white precipitate of (NHg2)2Se04.2H20 with water. This substance dis- 
solves in hydrochloric acid or strong ammonia and, when strongly heated, 
evolves nitrogen, ammonia, and water, and leaves a residue of basic 
mercuric selenate. It blackens in light.® 

MERCURY AND TELLURIUM. 

Mercuric Telluride, HgTe, occurs as the mineral coloradoite. 
It usually occurs massive, with an iron -black colour, and is soluble in 

1 Rosenheim and Pritze, ZeitscJi, anorg. Ghem., 1909, 63 , 277. 

* Kohler, Pogg. Annalen, 1853, 89 , 146. 

® Cameron and Davy, Ghem, News, 1881, 44 , 63. 

* Divers and Shimidzu, Trans, Ghem, Soc,, 1880, 49 , 585. 
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boiling nitric acid with the separation of telluroiis acid. Its hardness 
is , 3 and its density 8 - 63 , 

MERCURY AND CHROMIUM. 

Mercurous Chromate. — The brown amorphous mercurous 
chromate, HggCrO^, precipitated from solutions of mercurous salts 
by alkali chromates, changes into the red crystalline modification. 
Prolonged washing with water converts the amorphous variety into 
4Hg20.3Cr03,^ which Gmelin erroneously supposed to be first precipi- 
tated. ^ Mercurous chromate is slightly soluble in cold water or dilute 
nitric acid, and more readily in hot water, concentrated nitric acid, 
or potassium cyanide solution.^ 

When the precipitate with an excess of mercurous nitrate was left 
in contact with, or boiled in, the solution, red needles of lIg20.2Hg2Cr04 
were obtained.^ A dark substance, corresponding in composition to 
SHggO.CrOg, was obtained by the action of alkali on mercurous 
chromate. 2 

A dark green unstable mercurous cyanide forms when mercurous 
chromate is treated with a little potassium cyanide solution. With 
excess of the reagent, mercuric cyanide and metallic mercury are pro- 
duced, and the com})ound 8lIg(CN)2.2K2Cr04 can be crystallised from 
the solution. 2 

Mercuric Chromate. — Berzelius reported the normal chromate , 
HgO.CrOg, but it was apparently a basic salt. 3lIgO.Cr03 was obtained 
by boiling yellow mercuric oxide with potassium dichromate solution, 
and 4ng0.Cr03 by using the red oxide. ^ Geuther ® obtained red 
rhombic prisms of 2lIg0.Cr03 and also 7Hg0.2Cr03 by treating yellow 
mercuric oxide with pure chromic acid. According to Freese® the 
latter does not exist. 

When ammonium chromate solution is added to a solution of mer- 
curic chloride a yellow precipitate is obtained of mercurammonium 
chloride mercurichromatc, 2(NH2lIgCl)HgCr04. It dissolves in hydro- 
chloric or nitric acid, and when boiled with water produces orange- 
yellow SHgO.CrOg. This is sparingly soluble in warm nitric acid, 
freely in hydrochloric acid, and by prolonged digestion Avith water is 
converted into bright yellow 6Hg0.Cr03.’ 

Jager and Kriiss recognised the existence of 2Hg0.Cr03, 3Hg0.Cr03, 
4Hg0.Cr03, SHgO.CrOg, GllgO.CrOa, and THgO.CrOa.’ According to 
Cox, the dark red SHgO.CrOa is the only chemically individual basic 
salt, and since mercuric chromate hydrolyses into this and finally into 
mercuric oxide, all the others that have been described are mixtures either 
of HgCr04 and BllgO.CrOg, or of SHgO.CrOg and HgO. He obtained 
the orange normal chromate, apparently contaminated with about 2-5 
per cent, of CrOg, by digesting mercuric oxide and chromium trioxide 
with water, and also the red dichromate.® 

1 Fichter and Oesterheld, Zeitsch. anorg, Chem., 1912, 76 , 347. See Freese, Ber., 
1869, 2 , 477. 

® P. and M. M. Richter, Ber., 1882, 15 , 1489. 

® Rose, Pogg. Annalen, 1841, 53 , 124. 

^ Millon, Ann. Chim. Phys., 1846, [3], 18 , 333. 

* Geuther, Annakn, 1858, 106 , 244. ® Freese, he. cit. 

^ Jager and Kriiss, Ben, 1889, 22 , 2048. 

^ Cox, Zeiiach. anorg. Chem.^ 1904, 40 , 147 ; 1906, 50 , 226. 
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The yellow double salt, 2H^2:Cr04.HgS, was prepared by di^rcstiiig 
freshly precipitated mercuric sulphide with a saturated solution of 
newly precipitated mercuric oxide in chromic acid, and dryin^^ at SO"" C. 
The salt is explosive. ^ 

A dense, orange-red, basic mixture, corresponding to HggNgH^Og. 
4Cr03, was obtained by treating mercuric oxide with ammonium 
dichromate solution. The chromate of Millon’s base, analogous to 
ammonia tur[)eth, was obtained from this by the action of aqueous 
ammonia. This light yellow amorphous imwder,^ which may be 
formulated (n0.IIg.NH.llg)2Cr04, has also been prepared by the action 
of ammonia or potash on arnmoniated mercuric dicihromate.^ 

MERCURY ANT) MOLYBDENUM. 

Mercurous Molybdate. When the yellowish-white flocculent 

precipitate from mixed solutions of mcnairous nitrate and an alkali 
trimolybdate is washed it becomes yellowish-white IIg20.2Mo03, which 
is converted into gold-yellow microsco])ie needles of the normal salt, 
HggO.MoOa, by the i)rolonged action of water.^ 

MERCURY AND TUNGSTEN. 

Mercurous Tungstate. The yellow normal tungstate, UgoO.WOg, 
was obtained by adding a solution of a nuTeurous salt to an alkali 
tungstate solution.^ Lefort j)repared it by dissolving mercurous 
nitrate in the presence of glycerine and precipitating with sodium 
tungstate. It cannot be washed or dried without decomposition into 
mercury and mercuric tungstate. He precipitated the yellow acid 
salt, 2JIg2O.3WO3.8H2O, by adding mercurous nitrate solution to a 
solution of bitungstate of sodium.® 

The acid salt, HggO. I WO3, highly hydrated (perhaps with 25H2O), 
is said to have been prepared.'^ 

Mercuric Tungstate. — The normal tungstate, HgO.WOg, is pre- 
cipitated as a pale yellow compound by adding a concentrated solution 
of mercuric acetate to a saturated solution of sodium tungstate. It is 
not very stable in the presence of water and is dillicult to obtain pure. 

The compounds HgO.SWOg.THgO, 2ng0.3W03, 3Hg0.2W03, and 
3HgO.5WO3.5H2O have been obtained by preci[)itation of solutions of 
mercuric salts with solutions of sodium tungstates.® 

MERCURY AND NITROGEN. 

Mercuric Nitride. — When potassamide solution is added to excess 
of mercuric iodide dissolved in liquid ammonia, a reddish-yellow pre- 
cipitate of NHggI is formed. This is converted into mercuric nitride, 
HgsNg, by excess of potassamide. 

Mercuric nitride is a very explosive chocolate-coloured solid that is 
readily soluble in aqueous acids or in solutions of ammonium salts in 
liquid ammonia.® 

1 Palm, Jahresber., 1862, 221. ® Hirzel, ibid., 1852, 421. 

* Hensgen, ibid,, 1886, 478. * Struve, J. prakt, Chem., 18,54, [l]» 61 , 449. 

« Anthon, ibid., 1836, [1], 9 , 344. « Lefort, Ann. Chim. Phys., 1878, [ 6 ], 15 , 363. 

^ Scheibler, J. prakt. Chem., 1861, [1], 83 , 319. 

® Lefort, he. cit. See Anthon, J. prakt. Chem., 1836, [1], 9 , 344. 

• Franklin, J. Amer. Chem. Soc., 1906, 27 , 820 
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Mercuric Azide. -The calomel-like is rapidly discoloured in 

sunli^?ht.^ 

It can be prepared by leading gaseous hydrazoic acid into a boiling 
aqueous suspension of mercuric oxide, or precipitated as a powdery 
mass by mixing concentrated solutions of sodium azide and mercuric 
nitrate. The product of the second method is less sensitive to shock 
than lead azide, but becomes more explosive by solution and crystal- 
lisation. Crystals exceeding 1 mm. in length arc extremely sensitive, 
and the formation of large crystals in the former method should be 
avoided. They remain sensitive under water. ^ 

Mercurous Hyponitrite, HggNgOg, can be prepared by precipi- 
tating mercurous nitrate with neutralised sodium hyponitrite or with 
acid potassium hyjjonitrite. It is also precipitated from mercuroso- 
mercuric nitrite ® by crude alkali hyponitrite. 

The salt is obtained with a bright yellow colour, in a physical condi- 
tion that varies according to the method of preparation, by washing 
rapidly and drying under diminished pressure over sulphuric acid. It 
dissolv’^es readily in dilute nitric acid, partially dissociating into mercury 
and mercuric hyponitrite, 

Hg,N,02=ng+HKN,0„ 

and can be ^precipitated from this solution by sodium carbonate.^* ® 

It begins to decompose slowly at 80° C., becomes black at a higher 
temperature, and reddish yellow at 150° C. Mercury, mercuric oxide, 
nitric oxide, and nitrous oxide are the principal products, and decom- 
position is apparently complete at 150° C. Small quantities of mercurous 
nitrate and nitrogen arc also formed.®'® 

It is blackened by even very dilute alkali, and also, though it is on 
the whole a stable salt, by bright sunlight.® 

Mercuric Hyponitrite. -The hydrate 2HgN202.3H20 is obtained 
as a iiocculent, cream-coloured precipitate by preci[)itating a solution 
of mercuric nitrate with a solution of sodium hyponitrite. It dries to 
a light, buff-coloured powder, probably because of a partial conversion 
into the mercurous salt, and becomes anhydrous in a desiccator. Since 
it is sensitive to light it should be dried in the dark. 

It decomposes readily into mercurous hyponitrite and nitric oxide ; 
heat decomposes it mainly into mercuric oxide and nitrous oxide, but 
partly into metal and nitric oxide.’ 

Mercurous Nitrite. — Nitrous acid is probably an important agent 
during the dissolution of mercury in nitric acid,® and mercurous nitrite 
and nitrate seem to be produced in equimolecular proportions when 
nitric acid of density l-ll at 15® C. acts on mercury at 35® C.® When 
diluted nitric acid is poured over an excess of mercury, thin yellow 
needles and prisms of Hg 2 (N 02)2 separate out, and can be dried on a 
porous surface after pouring off the mother-liquor from the salt and 

^ Wohler and Krupko, jBer„ 1913, 46 , 2050. 

® Stettbaoher, J. Chem. Soc., 1921, 120 , Abs. ii, 48. 

* See R&y, Trans. Chem. Soc., 1902, 81 , 644. 

* Ray, ibid., 1907, 91 , 1404. 

® Divers, ibid., 1899, 75 , 120. 

* Ray and Gafigul, ibid., 1907, 91 , 1399. 

^ Divers, ibid., 1899, 75 , 119. 

® Russell, J. Chem. Soc., 1874, 27 , 3 ; Divers, Trans. Chem. Soc., 1883, 43 , 465 ; Veley, 
Proc. Boy. Soc., 1890, 48 , 458 ® Divers, J. Soc. Chem, Ind., 1904, 23 , IIW. 
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residual mercury.^ Colourless nitric acid acts as well as yellow, and 
acid containing 13-14 per cent, of NgOg appears to give the best growth 
of crystals.^ According to Ray,^ the mercurous nitrite is produced by 
the combined action of nitrous and nitric acids on the metal. 

Mercurous nitrite was said to be very insoluble in water, and its 
aqueous suspension to be very resistant to decomposition by hydrogen 
sulphide,^ but excess of water partly hydrolyses it into mercury and 
mercuric nitrite : ^ in hot water about 78 per cent, is thus resolved, 
and nearly 22 per cent, of the original salt remains in solution.® 

By the spontaneous evaporation of a diluted aqueous solution in a 
shiillow dish, lemon-yellow prisms of IIg 2 (N 02 ) 2 - 2 ll 20 were obtained. 
This monohydratc is decomposed by water similarly to the anhydrous 
nitrite, and effloresces in a desiccator over sulphuric acid.^ 

Mercurous nitrite crystallises in the monoclinic system and is not 
very stable under ordinary conditions.® Its density at 21 ^-20^^ C. is 
5-925.7 

Heat first decomposes it thus : — 

(lIgN02)2-2Hg+(N02)2. 

Mercuric nitrate is then secondarily produced : — 

2(N0)N03+2lIg=:.(lIgN03)2H 2N0.8 

Mercuric Nitrite. — A pale yellow solution of mercuric nitrite is 
obtained by rubbing pure silver nitrite and mercuric chloride, in molec- 
ular })ro})ortions, in a mortar with water. The salt crystallises in tufts 
of line needles by concentrating the solution in vacuo over sulphuric acid. 
It is only slightly contaminated with silver nitrite. 

The light yellow crystals dissolve partially in boiling water, but 
they decompose largely into mercuric oxide and nitrous acid. The 
salt slowl}^ liquefies in air with the evolution of nitrous fumes, and is 
transformed into white basic mercuric nitrate by exposure over sul- 
phuric acid in a desiccator. It can be kept without changing by prompt 
exposure in a vacuum, but decomposition cannot be arrested after it 
has begun. 

It decomposes at 100° C. according to the two equations 

Hg(N02)2-Hg0+N203, 

Hg(N 02 ) 2 =HgN 03 +N 0 . 

The second reaction predominates.® 

When diluted nitric acid acts on mercury, mercuric nitrite occurs 
in the solution — being apparently formed from the initially produced 
mercurous nitrite, 

Hg2(N02)2+HN02+HN03=2Hg(N02)2+H20. 

The mercuric nitrite is remarkably stable in the acid mother-liquor, 
but it is much less so in the absence of acid.^® 


^ R&y, Zeitach, anorg, Chem,^ 1896, X2, 365. * Ray, Trans. Chem, 8 oc., 1897, 71 , 337. 

® Ray, ibid., 1905, 87 , 171. According to TaUt and Dhar {Zeitsch. anorg. Chem., 1924, 
134 , 208), mercurous nitrite is the first product when nitric acid acts on mercury below 
52® C. Sodium mercurinitrite is formed if sodium nitrite is present. Urea tends to inhibit 
solution, ferric nitrate retards it, and mercurous nitrate accelerates it. 

* Divers and Haga, Trans, Chem. 80 c., 1887, 51 , 48. * Ray, ibid., 1904, 85 , 523. 

• Holland, ibid., 1897, 71 , 346. ’ R&y, ibid., 1908, 93 , 999. 

« R&y and Sen, ibid., 1W3, 83 , 491 ; Proc. Chem. 80 c., 1903, 19 , 78. 

Ray, Trans. Chem. 80 c., 1904, 85 , 523. Ray, ibid., 1906, 87 , 174. 

VOL. m. : 11. 19 


0 



290 


BERYLLIUM AND ITS CONGENERS. 

Mercuric nitrite forms additive and substitutive compounds with 
sqme organic thio-derivatives.^ 

If to the solution that has undergone the dissociation 

ng,{NO,)2^1Ig+Hg(NO,)2 

till about 22 ])er cent, of the original salt remains, ^ an excess of potass- 
ium, sodium, or silver nitrite is added, the residual mercurous nitrite 
dissociates.^ The relatively stable mer cur oso- mercuric nitrite, IlgNOg. 
4<Ilg(N02)2, is first formed,^ and when the alkali nitrite is added it 
forms a stable double nitrite with the mercuric nitrite. The displaced 
mercurous nitrite then dissociates. By applying this method the double 
salts, LiN02.IIg(N02)2.H20, 4LiN02.Hg(N02)2.4H20, l-5NaN02. 

lIg{N02)2, 2NaN02.1Ig(N02)2.2H20, 2KN02.Hg(N02)2, 3KNO2. 

Hg(N02)2.II./), have been prepared.^ The double salts, Ca(N02)2. 
IIg(N02)2.5ll20, 2Sr(N()2)2.3lIg(N02)2.5H2(), 2Ba(N02)2.3Hg(N02)2. 

5II0O, have been obtaine<l analogously.*^ 

The salts, 2NaN02.Trg(N()2)2> ® KN02.Ilg(N02)2,’ 2KNO2. 

Hg(N02)2 ,®’ J^JhI 3KN02.ng(N02)2-H2^j’’ ® have been i)reparcd 
from solutions of the mixed salts. 

Insoluble dimer ear ammonium nitrite, NHgg.NOg.lIIgO, is })reci])itated 
by aqueous ammonia from mercuric-sodium nitrite solution as a cream- 
coloured, llocculcnt, dense powder.^ Heat readily decomposes it.^^ 

Mercurous Nitrate. — When cold dilute nitric acid, of 10-23 per 
cent, concentration, acts upon excess of mercury, mercurous nitrite is 
formed which slowly dissolves in the mother-liquor with the formation 
of mono-hydrated mercurous nitrate and the basic nitrate known as 
“ Marignac’s salt.” If nitric acid of density 11 35-1 *14 is used, a 
crystalline crust of large isolated crystals of HgNOg.HgO slowly forms. 
Varct obtained the monohydrate in transparent prismatic crystals by 
digesting excess of mercury for some days with pure nitric acid con- 
taining half of its own volume of water. A solution of mercurous 
nitrate free from nitrous acid, which is apparently stable if kept in a 
closed bottle in the dark, can be prepared by shaking a solution of 
mercuric nitrate with mercury,^® and a practically neutral solution is 
obtained by shaking finely powdered mercuric nitrate and mercury 
with water and filtering from basic salts. 

The crystals are isomorphous with the monoclinic crystals of mer- 
curous sulphate.^’ In the presence of nitric acid the salt is slowly and 

1 R&y, Proc. Chem. Soc., 1914, 30 , 140. 

* Ray, ZeiUch. amrg, Cfiem., 1890, 12 , 365 ; Trans, Chem. Soc., 1897, 71 , 337 ; 1904, 
85 , 623. 

^ Riiy, Proc. Ckem. Soc.^ 1899, 1 5 , 103. * Ray, Trans. Chem. Soc., 1902, 81 , 645. 

® Ray, ihid., 1907, 91 , 2031. * Ray, ibid., 1910, 97 , 326. 

’ Rosenheim and Opponheim, Zeitsch. aitorg. Chem., 1901, 28 , 171. 

* Kohlschutter, Her., 1902, 35 , 489. ® Lang, J. prakt, Chem., 1862, [ 1 ], 62 , 296. 

Fock, Zeitsch. Kryst. Min., 1890, 17 , 177. 

Ray and Ghosh, Trans. Chem. Soc., 1910, 97 , 323. 

Ray, ibid., 1897, 71 , 344. Ray, ibid., 1906, 87 , 174. 

Varet, Ann. Chim. Phys., 1896, [7], 8 , 127. The otxiinary hydrate seems to be 
HgNOa.H 20 (Cox, Zeitsch. anorg. Chem,, 1904, 40 , 174), though Lefort {J, Pharm. Chim., 
1845, [3], 8 , 5) found otherwise. See also Mitacherlich, Pogg. Annalen, 1827, 9 , 387 ; 
Marignac, Ann. Chim. Phys., 1849, [3], 27 , 321. 

Hada, Trans. Chem. Soc., 1896, 1667. 

Ogg, Zeitsch. physikal. Chem., 1898, 27 , 288. 

Carhart and Hulett, Tram. Amer. Electrochem. Soc., 1904, 5 , 61 ; de Schulten, Bull. 
Soe.frang. Min., 1903, 26 , 113. 



MERCURY AND ITS COMPOUNDS. 


291 


completely oxidised by ozone into mercuric nitrate. ^ Though mercurous 
nitrate often becomes yellow on keepiji^^ and the purified effloresced 
salt has an ozonc-like odour when kept in a bottle, the thoroughly 
dried salt is very stable. ^ 

Mercurous nitrate is soluble in benzonitrile ^ and very soluble in 
li(|uid ammonia.^ It is decomposed by hydrogen at 100° C. according 
to the equation 

2lIgN03 + 2lT2-2N0 f 2llg0+2ll20,^ 


and its heat of formation from liquid mercury, gaseous nitrogen and 
oxygen, and liquid water is 09*4 Cal.** 

The basic double Nitrates, 2SrO.2l!g2O.0N2OQ, 2 lhi(). 2 lIg 20 . 3 N 205 , 
2ng20.2Pb0.3N205, have been obtained.^ 

Heat and light ehangx^ mercurous nitrate in solution to mercuric 
salt — the change being apjian fdly connected with a r(‘diietion of nitric 
to nitrous acid.^ \\'hen it is iioiled with water it is converted into 
mcnairy and mercuric nitrate.- ® 

The hydrolysis of the colourless monohydraU* may result in white 
yellow 5ng20.3N205, and a yellow is h-grc'cn basic 
salt that may have tlu^ iormula CillgoO.NgOrj/iHgO. TIutc may also 
be SlJgoO.NgOr, and 2llg20.N205, but it is doubtful whether hydrolysis 
takes place coinj)letely to mercurous oxide.® 

When, during the action of diluted nitric acid on mercury, the nitrite 
first formed is slowly transformed into nitrate, the basic salt, 5llg20. 
3N2()r,.2ll20, s(‘])arates as hard colourless crystals that are stable in air 
and do not lose water in vacuo over sulphuric acid. This “Marignac’s 
salt ” results from the hydrolysis of mercurous nitrate* and forms freely 
when well -diluted nitric acid acts on mercury.^® 

The ibl lowing salts may also form during the prolonged action of 
dilute nitric acid u])on mercurv : HgaNOg.OH, ITg2(N03)2. 

Hg2N03.0H,i2 Hg2(N03)2.4Hg2NO;(OII),i‘*^ Ilg ' 0.2lIg2N03.(0II), 

Hg"0.1Ig"N03(0Il).Hg2N03(0H).i3 

Kane, in 1839, considered that 2llg20.N2()5.H20 was tint only basic 
nitrate. He represented “ Marignac’s salt,” which he had ap])arently 
obtained, as a mixture of the above basic salt with the normal mono- 
hydrate.^^ 

Mercurous salts react with ammonia to form mcrcurammonium salts 
and metallic* mercury.^® Mercurous nitrate and concentrated aqueous 
ammonia react to form a black mixture of metallic mercury and 
Hg2N2H,03. 

^ Yamanchi, Amcr. Chem. J., 1913, 49 , 65. Accordinj^ io Mailfert {Compt. rend., 1882, 
94 ) 860), mercurous nitrate is entirely decomposed by ozone; into nuucuric; nitrat<3 and a 
basic salt. 

® Hada, loc. oil. ^ Naurnann, Ihr., 1914, 47 , 1369. 

* Franklin and Kraus, Amer. Chem. J., 1898, zp* 829. 

^ Colson, Compt. rend., 1899, 128 , 1106. 

» Varet, Ann. Chim. Phys., 1896, [7], 8 , 127. 

’ Stadeler, Annahn, 1853, 87 , 129. 

* Rose, ibid., 1841, 39 , 106. 

® Cox, ZeiWh. anorg. Chem., 1904, 40 , 174. 

Ray, Trans. Chem. Soc., 1897,71, 342 ; Marigiiac, .Ann. Chim. Phys., 1849, |3], 27 , 515, 
Ray, loc. cit Marignac;, he. cit, 

Lefort, Compt. rend., 1845, 20 , 1300 ; Gerhard t, ibid., 1848, 26 , 432. 

Kane, Ann. Chim. Phys., 1839, [ 2 ], 72 , 250. Pesei, Oazzeita, 1891, 21 , 569. 

Saha and Choudhuri, Zeitsch. anorg. Chem., 1911, 71 , 309. 
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Mercuric Nitrate. — A solution of mercuric nitrate is obtained by 
dissolving mercuric oxide or mercury in excess of nitric acid. The liquid, 
which tends to become syrupy on evaporation, deposits crystals of 
mercuric nitrate on concentration,^ Varct obtained transparent hygro- 
scopic crystals of the hemihydrate, 2lIg(N03)2.H^0, by boiling mercury 
with an excess of concentrated acid, evaporating, and concentrating over 
lirne.^ Millori obtained it similarly.^ The monohydrate, Hg(N03)2. 
HgO, was })reparcd by saturating 50 per cent, nitric acid with the 
commercial nitrate and evaporating the solution at 18 ° C. under dimin- 
ished pressure. The crystals, which deliquesced in air, after drying 
on filter payicr, resembled the hemihydrate that had been described 
as very soluble in water and forming a syrupy saturated solution.® 
Millon thought lie obtained a syrupy dihydrate, ^ and Kane referred to 
a non-crystallisable trihydrate^ An octahydrate was said to occur.® 

When a mixture of silver nitrate and mercuric chloride is rubbed 
in a mortar it becomes moist : deliquescent Hg(N03)2 probably pro- 
duced.® The molecular weight of mercuric nitrate dissolved in methyl 
acetate corresponds closely to the formula IIg(N03)2,^ and llaoult® 
deduced the same formula from the freezing-points of solutions in 
nitric ficid. 

The heat of formation of the hemihydrate from its elements and 
liquid water is 57 - 4 < Cal., and 9*9 Cal. are evolved when mercuric nitrate 
becomes mercurous nitrate.® 

Mercuric nitrate is hydrolysed by water into the heavy white pul- 
verulent basic salt, SHgO.NgOg. Its limits of existence at 25 ° C. are 
with solutions varying from 18-715 A.HNOg and 0159 A.IINO3. The 
corresponding solutions at 15 ° C. are 17-930 N and 0-136 N,^ The 
monohydrate, 3HgO.N2O5.H2O, was obtained as a white precipitate 
by the action of water on mercuric nitrate.^- ^ 

The hydrolysis of mercuric nitrate has also been said to result 
in the formation of 2Hg0.N205.H20,^* 2Hg0.N205.2ll20,^ HIgO. 

NgOs,^ and GHg0.N205.4 

A number of ammonium mercury nitrates have been described. 
The nitrate, NHg.Hg.NOg, corresponding to infusible white precipitate, 
NHg.Hg.Cl, which had not been prepared previously,^® was obtained in 
small white octahedral crystals in 1908 .^® Stromholm prepared it by 
the action of aqueous ammonia and ammonium nitrate solution on 
mercuric nitrate dissolved in nitric acid. 

R&y obtained 2(NHg2.N03}.H20 by stirring the corresponding 
nitrite into concentrated nitric acid.^^ Anhydrous dimercuriammonium 

1 Millon, Ann, Chim. Phys., 1846, [3], 18 , 365. Yaret, ibid., 1890, [7], 8 , 120. 

^ Cox, ZHUch, anorg. Ckem., 1904, 40 , 159. 

* Kane, Ann. Chim. Phya., 1839, [ 2 ], 72 , 236. ® Ditto, ihid., 1879, [ 6 ], 18 , 342. 

® 8 ef 3 J. Chem. Soc., 1882, 42 , Abs., 451. 

’ Schroeder and Stoiiior, Zeitsch. prakt. Chem., 1909, [2], 79 , 65. 

» Raoult, Ann, Chim. Phya., 1886, [ 6 ], 8 , 335. 

« Varet, ibid., 1896, [7], 8 , 140. 1 ® Mailhe, ibid., 1902, [7], 27 , 374. 

Foiircroy, Ann. Chim., 1792, [ 1 ], 14 , 37 ; Sonbeiran, Ann. Chim. Phya., 1827, [ 2 ], 36 , 
220 ; Mitscherlinh, Poigg. AnmPm, 1827, 9 , 27 ; Kane, Ann. Chim. Phya., 1839, [2], 72 , 
242; llammclsl>erg, J. prakt. Chem., 1888, ( 2 ], 38 , 558; Barfoed, ibid., 1889, [2], 39 , 201 ; 
Pesci, Cazzetta, 18lio, 20 , 485; 1891, 2 i, 669; Hofmann and Marburg, Zeiisch. anorg. 
Chem., 1900, 23 , 131; Ray, ibid., 1902, 33 , 209; Furth, MonaUh., \m, 23 , 1147; 
Stromholm, Zeiisch. anorg. Chem., 1908, 57 , 98. Franklin {J. Amer. Chem. 80 c., 1907, 
29 , 59) gives a list. Franklin, loc, cit. 

Stromholm, Zeitsch, anorg, Chem,, 1908, 57 , 98. E&y, ibid,, 1902, 33 , 209. 
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nitrate, was prepared, as an insoluble pale yellow powder, 

by the action of aqueous ammonia on a solution of mercuric nitrate,^ 
and by the action of dilute nitric acid on Millon’s Inise.^ The nitrate 
of Millon’s base, or Soubeiran’s salt, has been pre- 

pared by precipitating a solution of mercury acetamide with ammonium 
nitrate.® 

Mitseherlich’s salt, H^3N2TT40.2N03, was obtained as a white 
pr(‘eipitate by treating dilute mercuric nitrate solution, barely acid 
with nitric a(!id, with dilute aqueous ammonia.^ 

MERCURY AND PnOSPHORUS. 

Mercurous Phosphates. — Yellow or white nuTcurous ortho- 
phosphate, H^fjjPO^, is j)recipitatcd by addinij a solution of mercurous 
nitrate in nitric acid to an excess of sodium j)hos])hate solution. The 
double salt, irc(N03.nKaP04.H20 or 2ll^vN03.1I^.20.r>n^r3P0,j.l{20, is 
obtained by adding sodium phosphate to exeess of the mercurous 
nitrate solution. Th(i normal mercurous orthophosphate is eonverted 
by heat into mercury and the corre^sponding mercuric salt.® 

Silver dirnercurous phosphate, AgllggPO^, is obtained by precipitat- 
ing a solution of mercurous and silver nitrates in very dilute nitric acid 
with disodiurn hydrogen phos])hate. The precipitate is crystallised by 
dissolving in a minimum of nitric acid and diluting with water. The 
yellowish-white rhombic prisms or tablets are blackened by ammonia 
with the liberation of free mercury.® 

Solutions of mercurous salts give a white })recipitate with a solution 
of sodium or ammonium 'pyrophofiphaU that is soluble in excess of the 
n^agent. The preei])itate l)ecomes dark grey when tr(‘ated with am- 
monia or ammonium carbonate or warmed with water.’ The original 
white crystalline mercurous pyrophosphate, llg^PgO^.I^O, also darkens 
when dried at 100 *^ C. and is then insoluble in soda.® 

Mercuric Phosphates. — Normal mercuric phosphate, IIg3(P04)2, is 
precipitated from an acid solution of mercuric nitrate by disodiurn 
hydrogen phosphate solution.® It was originally obtained by adding 
mercuric nitrate solution to an excess of sodium phosphate solution.^® 
Co-precipitation of mercuric nitrate occurs if sodium phosphate is 
added to an excess of mercuric nitrate,^® and either normal or basic 
mercuric nitrate is co -precipitated if a neutral or nearly neutral solution 
of the mercury salt is used.® The normal phosphate is also j)reci])i bated 
from mercuric nitrate by NaIl2P04, and when phos])horic acid is droj)j)ed 
into excess of mercuric nitrate solution.® 

It is a heavy white crystalline powder. Hot water partially dis- 
solves it, and, as the solution cools, the salt crystallises in small shining 


1 Pesci, Oazzetta, 1890, 20 , 485. 

2 Hofmann and Marburg, Zeitsch, anorg, Ohem.y 1900, 23, 131. 
a Furth, MonaUh., 1902, 23, 1147. 

* Mitscherlich, Pogg, Anmkn, 1827, 9, 97. 

* Gerhardt, Jahresber., 1849, 288; Haack, Annalen, 1891, 262, 192. 

* Jacobsen, Bull. Soc. chim., 1909, [4], 5, 947. 

’ Brand, Zeitsch. anal. Ghem., 1889, 28, 592. 

® Sohwarzenberg, J. prakt. Ckem., 1849, [1], 46, 247. 

* Haack, Annahn, 1891, 262, 181. 

Gerhaidt, Jahresber., 1849, 288. 
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needles.^ Braudes ^ prepared it in a white pulverulent form by add- 
ing ]x)tassium phosphate that reacted neutral to nitric acid saturated with 
increuric oxide. 

Hydrochloric acid dissolves it readily, nitric acid only slightly, and 
phosphoric acid not at all. Brine solution converts the dried salt into 
the amorphous reddish-brown basic chloride IlgClg.SHgO.^ It is yellow 
when hot and white when cold.^ 

Solutions of mercuric salts give a white precipitate with sodium 
})yro])hosj)hatc solution that is soluble in ammonia or ammonium 
carbonate. The })recipitate with ammonium pyrophosphate is soluble 
in great excess of the reagent.^ The white precipitate thrown down by 
sodium pyrophosphate becomes yellowish red by further action of the 
sodium salt, and when dried at 100° C. has the composition ‘illgO.PgOg, 
corresponding to mercuric pyrophosphate,^ 

A white crystalline salt is obtained by treating dimereurammonium 
nitrite, NIIgg.NOg, with phosphoric acid.® It has been formulated as 
NIIg 2 .Il 2 PO| ® ami as ng 2 NH 2 .P 04 .’ Millon’s base has been formu- 
lated as HO.Hg.NII.lIg.OII.II 2 O or (HOHg)2NIl20H or HO.Hg.O. 
Hg.NHaOH and in other ways.® Bammelsberg’s jwoduct, obtained by 
treating Millon’s base with excess of phosphoric acid,® may be a mixture 
of NHg 2 .H 2 P 04 with unchanged base.^® A white powder, corresponding 
to the composition HggNHgO.PO^, was obtained by acting on mercuric 
oxide with a solution of ammonium jdiosphatc.^® 

MERCURY AND ARSENIC. 

Mercurous Arsenate. — The orange-yellow normal mercurous 
arsenate, Ilg^AsO^, precipitates from mixed solutions of mercurous 
nitrate and excess of sodium arsenate. If the mercury salt is in ex- 
cess, the double salt, 3 Hg.jAs 04 . 2 (IIgN 03 .Hg 20 ), separates, which, when 
freshly prcci])itated and washed, is converted by disodium arsenate 
solution into the normal arsenate. This double salt is white and soluble 
in hydrochloric acid. Hydrochloric acid converts the normal salt into 
calomel and arsenic acid.^^ 

Rhombic prisms of the normal arsenate are also obtained by heating 
mercury with arsenic acid solution at 230° C.^^ 

Orange-red crystals of silver dimercurous arsenate, AgHg 2 As 04 , have 
been prepared analogously to the corresponding phosphate. Ammonia 
solution blackens it with the liberation of metallic mercury.^® 

Mercuric Arsenate. — The normal arsenate, Hg 3 (As 04 ) 2 , is obtained 
by prexjipitating a solution of mercurous nitrate with a solution of 

^ Haack, AnnaUn, 1891, 262, 181. 

* Brandos, Arch, Pharm,, 1853, [2], 73, 174. 

® Gorhardt, Jahreslcr,, 1849, 288. 

* Brand, Zeitsch, anal. Chem., 1889, 28, 692. 

^ Schwarzenberg, J. prakt. Chem,, 1849, [1], 46, 247. 

* Ray, Trans. Chem. Soc., 1905, 87, 10. 

^ Franklin, J. Atmr. Chem. Soc., 1907, 29, 65. 

* Rammelsberg, J. prakt. Chem., 1888, [2], 38, 658. 

* Franklin, he. cit, 

Franklin, he. cit. 

Haack, he. cit. 

Coloriano, Gompt. rend., 1886, 103, 273. 

Jacobson, Bull. Soc. chim., 1^9, [4J, $, 947. 
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disodium arsenate or monosodium arsenate, and by dropping arsenic 
acid solution into excess of mercuric nitrate solution. 

It is a heavy citron -yellow powder. Hot water dissolves it slij^htly 
without decomposition, and shining crystals may separate from the 
cooled solution. Hydrochloric acid dissolves it freely, nitric acid less 
readily, and arsenic acid not at all. Brine solution converts it into 
red-brown mercury oxychloride. Potassium bromide solution colours 
it brown, and a yellow residue is iiltiinately left. Potassium iodide 
solution forms rnerenrie iodide. 

Monosodium arsenate or arsenic acid do not precipitate mercuric 
chloride solution. Mercuric chloride int(*racts with normal silver 
arsenate to form normal mercuric arsenate and silver chloride. Yellow 
precipitates containing normal mercuric arsenate, mercuric chloride, 
and mercuric oxide are thrown down from mercuric chloride solution 
by a solution of di sodium arsenate. 

Basic mercuric sul|)l]ate is converted into norma) mercuric arsenate 
and nuTcuric oxide by warming with disodium arsenate solution. Hot 
acetic fi(*id will extract tiu* oxide. ^ 

When ammonium arsenate solution acts upon mercuric oxide, 
HggNHaAsO^ is produced. - 

MERCURY AND CARBON. 

Mercurous Carbonate, HggCO.,, is a yellow powder *"*' ^’ *^ that 
darkens in light with tlu^ formation of metallic mercury.® The dried 
salt decomposes into mercury, mercuric oxide, and earl)on dioxide at 
1.30" C.,® and the same decom}X)sition is effected by warm or hot water.^ 
Ae(X)rding to Barthelemy® it is unstable even in the dark, impossible 
to dry without decomposition, and cannot he formed at temperatures 
above .30" C. 

It has been prepared, more or less pure, by the action of alkali 
carbonates or bicarbonates on mercurous nitrate. 33ie nitrate solution 
has been mixed with an excess of potassium bicarbonate solution, and 
the precipitate, after frecpient agitatioti for some days with the mother- 
liquor, to ensure removal of l)asic nitrate, (juickly washed and dried 
in vacuo over sulphuric acid.^ Rose triturated crystalline mercurous 
nitrate with potassium bicarbonate and water.** L(‘fort added the 
nitrate solution to a cold saturated solution of potassium bicarbonate, 
washed with water containing carbonic acid, and dried over sulphuric 
acid.® 

Mercuric Carbonate. — Basic carbonates of mercury arc i)reeipi- 
tated from mercuric nitrate solution by alkali carbonates or bi car- 
bonates. If the mercuric nitrate is added to the dilute alkali in great 
excess, brown SHgO.COg results from the bicarbonate, and ochre-ycllow 
4Hg0.C02 from the carbonate. The precipitate is contaminated with 
a basic nitrate in both instances if the alkali is added to the mercury 
salt. The amorphous precipitates are stable to cold water, and, when 

1 Haack, loc, cit 

® Hirzel, Jahre^ber^t 1852, 420 ; Franklin, Amer. Chem. tSfoc., 1907, 29 , 65. 

^ Setterberg, Pogg. Annalen^ 1830, 19 , 59. 

* Rose, ibid.. 1841, 53 . 117. 

® Lefort, J. Pharm. Ghim., 1845, [3], 8 , 6 . 

• Barthif'lemy, Ann. Chim. Phys.^ 1868, [4], 13 , 80. 
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dry, at temperatures not exceeding 130° C. An excess of potassium 
hydroxide converts them into yellow mercuric oxide. ^ 

If carbon dioxide is passed through a solution of mercuric chloride 
partially precipitated by potassium hydroxide, the yellow mercuric 
oxide, first precipitated, is transformed into a dark brown powder, 
rhis is normal mercuric carbonate, HgCOg, mixed with a little mercuric 
hi carbonate. 2 

The compound IIg8N4nio06.2C03 was obtained by the action of 
carbon dioxide on Millon’s base and by treating the base with am- 
monium carbonate or potassium bicarbonate solution.® Hg^NjUjOa.COa 
was prepared by digesting mercuric oxide in the cold with ammonitjm 
carbonate solution, < and HggNiHioOs.CO, by boiling Millon’s base with 
a solution of sodium carbonate.® Franklin suggested that these com- 
pounds are not essentially different.® 

Mercuric Cyanide, Hg(CN)2, occurs in white or colourless quad- 
ratic prisins ^ that are moderately soluble in water. Schecle obtained 
it by boiling Prussian blue with mercuric oxide and water, and it is also 
formed when alkali cyanides or ferrocyanides are similarly treated. 

Mercuric oxide absorbs gaseous hydrogen cyanide in the cold and 
very Ireely in the heat. Aqueous hydrocyanic acid acts vigorously 
on tlie oxide, and the action may be explosively violent if the acid is 
concentrated. Hydrocyanic acid acts upon mercurous oxide or mer- 
curous salts to form mercuric cyanide, not mercurous cyanide. Various 
mercuric salts are also converted into mercuric cyanide by hydrocyanic 
acid, and reactions like 

2KCN+HgCl2=Hg(CN)2+2HCl 
occur in the warmth.® 

Though mercurous cyanide appears to result as a dark green amor- 
phous [irecipitatc when potassium cyanide acts on mercurous chromate, 

It IS very unstable,® Potassium cyanide also acts on otlier mercurous 
salts with the final formation of the double mercuric cyanide, 2KCN. 
IIg(CN) 2 , mercuric cyanide is the only cyanide of mercury that has 
been isolated. 

It is conveniently prepared by the action of sodium cyanide on 
nicrcuric sulphate. The mercuric sulphate, acidified with dilute sul- 
phuric acid, is added, in portions, to the sodium cyanide dissolved 
in about eight or ten times its own weight of water. The solution 
becomes very warm and clear, and pure mercuric cyanide crystallises 
out at about 33° C. When the whole has cooled to a solid mass the 
mercuric cyanide can be extracted with alcohol and rccrystallised from 
water. 


* Hirzel, Jahreaber., 1862, 421. 


I Millon, Ann. Chim. Phys., 1846, [3], i8, 368. 

Rajkow, Chem. ZeiL, 1907, 31, 57. 

® Millon, loc. cit., 333. 

® Rammclsberg, J. prakt. Chem., 1888, [2], 38, 668. 

® Iranklin, J. Amer. Chem. 80 c., 1907, 29, 64. 

^ de la ProvosUye, Ann. Chim. Phys., 1842, [3], 6, 159. See Groth, Ber., 1869, 2, 674. 
.Uammer, .^and6ttc4 der Anorganiach. Chem. (Enke, Stuttgart), 1894, ii, 2, 925 ; Pluffce. 

{Annalen, 1839, 31, 187) observed that tu4%h 
mmeml, 2HgO.HgS04, was converted into mercuric cyanide by aqueous hydrocyanic acid. 
» P, and M. M. Richter, Ber., 1882, 15, 1489. J J' 

Ditto, Compt. rend., 1890, no, 191. 

“ and Goy, Apoth. ZeU., 1908, 23, 373; Chem. Zentr., 1908, ii, 773; J. Chem. 
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The density of mercuric cyanide is about 4 at ordinary temperatures.^ 

Hardin prepared mercuric cyanide for atomic weight determinations 
by dissolving pure mercuric oxide in pure, warm hydrocyanic acid. 
The solution w^as filtered, evaporated to the crystallising point, and the 
separated crystals recrystallised. Thej^^ were then quickly rinsed with 
cold water and warmed for six hours in an air-bath at 50° C. After 
being finely ground they were again heated in an air-bath for tweniy- 
four hours at 55° C. The powder was kept in a desiccator, enclosed in 
a weighing tube and over suljfimric acid.^ 

The mercury in mercuric cyanide has been supposed by some to 
be linked with the nitrogen® and by others with the carbon.^ The 
great transparency of the compound to light favours the formula 
Hg— (C = N )2 more than Hg™(N— C) 2 .® The carbon linking is also 
indicated by the slight reaetiveness of mercuric cyanide with acids. 
In dilute solutions hydrocyanic acid completely decomposes mercuric 
chloride.® Gaseous hydrogen chloride, however, readily decomposes 
mercuric cyanide in the cold, concentrated aqueous hydrochloric acid 
acts effectively in the warmth,® and hydrochloric* acid is better adaj)ted 
for liberating hydrogen cyanide from mercuric cyanide than any other 
acid."^ 

Dry hydrogen cyanide reduces heated mercuric sulphate to a gr(*y 
mass with the formation of mercuric cyanide, though the products vary 
with conditions.® The decomposition 

2 lIg(CN )2 f 2 H 20 +II 2 SO,-^g 2 SO,+; 3 ^C^H CO 2 +NII 3 

is effected by heating mercuric cyanide with sixty to eighty times its 
weight of a mixture of equal volumes of sulphuric acid and water to about 
130° C., but the decomposition of the cyanide is not even then complete, 
and a further reduction, during which metallic mercury sej^arates, occ'urs 
bn raising the temperature above 140° C.® But diluted sul])huri(*. 
acid, as well as weaker acids like tartaric or oxalic, under ordinary 
conditions, only liberates hydrogen cyanide from mercTirie cyanide 
very imperfectly. Plugge advised distilling, in toxicological estima- 
tions, the mercuric cyanide with oxalic acid and sodium chloride to 
secure decomposing effect of hydrocWoric acid without the disintegrating 
action of hydrochloric acid on the tissues.^® 

At a dark red heat gaseous hydrogen iodide acts on mercuric cyanide 
to form mercuric iodide, methane, and ammonium iodide. 

^ 3*77 at 13° 0. according to Bodeker, Jahreaber., 1860, 17. Other determinations are : 

4 0262 at 12° C., 4 0036 at 14-2° 0., 4 0026 at 22*2° C. (Qarke, Jicr., 1878, II, 1504). 

* Hardin, J. Amer, Chem. Soc.^ 1896, 18, 1010. 

Kieseritzky, Zeitach. physikal, Chem., 1899, 28, 406. 

* Ley and Schaefer, ibid., 1903, 42, 704. 

® Ley and Fischer, Zeitsch. anorg. Chem., 1913, 82, 336. 

® Berthelot, Ann. Chim. Phys., 1873, [4], 30, 494. 

’ Plugge, Zeitach. anal. Chem., 1879, 18, 408. 

® Mohr, Annalen, 1839, 31, 186. 

® Marsh and Struthers, Proc. Chem. Soc., 1902, 18, 249. Mohr {Annalen, 1839, 31, 187) 
noted a reduction to mercurous sulphate by heating with sulphuric acid. 

Plugge, Zeitach, anal. Chem., 1879, 18, 408. Prussia {GazzeUa, 1898, 28, ii, 113) used 
tartaric acid. According to Fabre and Josset ( J. Pharm. Chim., 1923, 28, 81 ), 10 |)cr cent, 
sulphuric acid and weaker acids of similar concentration libemte very appreciable pro- 
portions of hydrogen cyanide. The ainount formed attains a maximum and then de- 
creases because ammonium formate is produced. 

Berthelot, Bull. Soc. chim., 1867, [2], 7, 53. 
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Chlorine gas acts vigorously on mercuric cyanide, and the action 
mhy be explosive.^ Cyanogen chloride, CNCl, can be prepared by 
passing chlorine into a saturated aqueous solution of the salt^ or into 
an alcoholic solution.^ 

Mercuric cyanide decomposes on heating into mercury and cyanogen. 
The brown powdery polymer of cyanogen, known as paraeyanogen, 
(CN)„, may be simultaneously produced.^ The reaction at 320'^" 400° C. 
is represented by the equations 

4Hg(CN)2=IIg,-hlI^r(CN)«, 

Hg(CN)e^Hg+4(CN),. 

At higher temperatures ordinary cyanogen is evolved.® 

When mercuric cyanide is heated with water in a sealed tube the 
reaction, which begins below 230° C., may be expressed by the equation 

Hg(CN)2+4ll20^1Ig+C0 1 (NII,) 2 C 03 .« 

It dissolves in water, alcoholic ammonia, ))yridine,'^ readily in 
acetone,® and is very soluble in aqueous ammonia.** Carbon tetra- 
chloride, brornoform, ethyl bromide, and (‘thylcne bromide only dissolve 
it very slightly.^® One hundred parts of water dissolve 53-8 parts of 
the salt at 101 -I °C.,^^ and 1 part of mercuric cyanide dissolves in from 
8 to 11 parts of cold water. 

Cryoscopic determinations indicate that mercuric cyanide in aqueous 
solution is not an electrolyte.^® Since arjiieous solutions of the salt 
give no precij)itate with solutions of potassium iodide, silver nitrate, 
ammonia, or alkaline hydroxides, they contain no apj)reciable amount 
of mercury ions. Cryoscopic and conductivity experiments on com])lex 
salts containing Hg(CN )2 indicate that the cyanomereury ion HgCN' 
is very stable and very slightly ionised, according to the equation 
HgCN - ^IIg * -f CN'.i® 

Yellow mercuric oxide is usually precipitated from solutions of mercuric 
salts by sodium hydroxide, but if mercuric cyanide is |)rcsent it unites 
with it to form mercuric oxycyanidc, HgO.Hg(CN) 2 , and no precij)ita- 
tion occurs.^® A slight reaction takes place in solutions containing 
mercuric cyanide and alkali hydroxides if small amounts of halogen 
salts are j)resent.^® The salt is reduced to metallic mercury by heating 


^ Sornllas, Ann, Chim. Phys„ 1827, [2], 35 , 293 ; Bonis, Anmlen, 1845, 56 , 267. 

® Wohler, ibid.^ 1850, 73 , 220. See Sorullas, Uk. cU.^ 339 ; Bonis, Idc. cU,, 1847, 64 , 
305 ; (Jahours and Cloez, ibid., 1854, 90 , 97. 

Stenliouse, ibid., 1840, 33 , 72. 

* Johnston, ibid., 1837, 22 , 280; Troost and Hautefenillo, Com.pt. rend., 1808, 66 , 
735, 795. 

® Maumen 6 , Bull. 80c. chim., 1881, [2], 35 , 597. 

* Marsh and Struthers, Proc. Chem. 80c., 1902, 18 , 249. 

’ Varet, Compt. rend., 1892, 114 , 224. 

® Krug and McElroy, Zeitsch. anal. Chem., 1893, 32 , 70. 

* Brinkley, J. Amer. Chem. 8oc„ 1922, 44, 1210. 

Sulc, Zeitach. anorg. Chem., 1900, 25 , 401. 

Griffiths, Zeitach. anal. Chem., 1887, 26 , 427. 

Comey, Diet. Chem. Sola. Inorg. (Macmillan, London and New York), 1896, p. 143. 
Prussia, OazzeUa, 1898, 28 , ii, il3. A few cryoscopic data are given by RaouH 
{Compt. rend., 1878, 87 , 167) and Skinner {Trans. Chem. 80c., 1892, 61 , 340)- It electro- 
lyses in the presence of a little sulphuric acid (Hardin, J. Amer. Chem. 80c., 1896 , 18 , 1010 ). 
Plugge, Zeitach, anal. Chem., 1879, i 8 , 408. 

Borelli, Gazzetta, 1908, 38 , i, 361. 

Rupp and Goy, Arch. Pharm., 1908, 246 , 367, 
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with a concentrated solution of potassium hydroxide,^ and, if finely 
divided, it ^^ives yellow mercuric oxide with it, thoupjh dilution ^ives 
a clear solution. Mercuric cyanide is much more soluble in caustic 
potash solution than in water, and the alkaline solution acts as an 
oxidising agent to alcohol and other organic substances. Crystals of 
lIg(CN)2.K0Il.H20 have been isolated from the solution. Silver 
cyanide is j)r(^ci])itated from aqueous solutions of mercuric cyanide by 
silver acetate or nitrite, but tlie action is reversible and preci])itation 
is incomplete. Precipitation is l(‘ss complete still with silver sulphate, 
and concentrated solutions of silver nitrate form lIg{CN )2.AgN02.2H20.2 

Hydrogen sulphide precipitates mercuric sulphide from solutions of 
the cyanide, and, since })reci])itated mercuric sulphide does not dissolve 
appreciably in potassium cyanide solution, from solutions of the double 
cyanide 2KCN,Hg(CN)2,3 ‘ 

Aluminium acts upon aqueous mercuric cyanide to form alumina, 
hydrocyanic acid, hydrogen, and mercury.^ 

The heat of formation of mercuric cyanide from mercury and cyanogen 
is 1()-2S() Cal., and the heat of solution is - 20(15 Cal.^* 

Mercuric cyanide lias antiseptic? ])ropcrties.‘» The symptoms of 
poisoning by this salt resemble those by hydrogen cyanide itself : pro- 
teins, especially if acid is present, liberate much hydrogen cyanide 
from it.’ 

The ammoniales, lIg(CN)2.Nll3, Ilg(CN)2.2Nll3, Hg(CN)2.NH3.|ll20, 
a?id Hg(CN)2.2NH3.|Il20, were rejmrted i)y Varet.® He prepared the 
first by heating aqueous ammonia with a large excess of mercuric 
cyanide in a closed vessel at 40*" C. It was obtained in small, hard, 
trans|)arent crystals. He obtained transparent, })rismatic jieedlcs of 
the second by the action of ammonia gas on a saturated solution 
of mercuric cyanide in alcoholic ammonia. Franklin ajul Kraus also 
prepared it by dissolving mercuric cyanide in liquid ammonia and 
allowing the excess of liquid to eva])orate.® These two anhydrous 
compounds appear to be the only two addition })roducts formed at 
0" C. in the system ammonia-mercuric cyanide. They lose ammonia 
rapidly on exposure to air.^® 

The stable double salt, 2KCN,ng(CN)2, is deposited in crystals by 
evaporating a solution of mercuric cyanide in aqueous jx)tassium cyanide. 
It can also be pre})arcd by adding the (;alculated quantity of mercuric 
sulphate, in successive portions, to a slight excess of aqueous })otassium 
cyanide. When potassium mercuric cyanide is precij)itated by zinc 
sulphate, or potassium zinc cyanide by mercuric chloride, the precij)i- 
tate is mainly zinc cyanide with varying amounts of mercuric? cyanide. 
There seems, however, to be a double salt, 4Zn(CN)2.Hg(CN 

1 Marsh and Striithers, Proc. Chem. Soc., 1902, i8, 249. 

* Hofmann and Wagner, Bar., 1908, 41, 317. 

* Berthelot, Compt. rend., 1899, 128, 709. Por action of sodium thioRulphato and 

polythionates, sec Gutman, Ber., 1916, 49, 949. * Varet, Compt. rend., 1892, 114, 224. 

® Thomsen, Thermochem. Untermch, (ed. Tran be, Enkc, Stuttgart), 1906, p. 244. See 
Berthelot, Ann. Chim. Phys., 1873, [4], 30, 494. 

® Chibi’et, Compt. rend., 1888, 107, 119. 

" Fabre and Josset, ./. Pharm. Chim., 1923, [7], 28, 81. 

® Varet, Bull. Soc. chim., 1 891, [3], 6, 220 ; Compt. rend., 1889, 109, 903 ; 1891, 112, 313. 

® Franklin, J. Armr. Chem. Soc., isi07, 29, 49. 

Brinkley, ibid., 1922, 44, 1210. 

DunBtan, Trans. Chem. Soc., 1892, 61, 666. 

** Rammelsberg, Pogg. AnnaUn, 1837, 42, 1317. 
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Mercuric cyanide also forms a number of double and complex 
salts, ^ 

Mercuric Oxycyanide. — Johnston obtained a basic mercuric 
cyanide, to which he ascribed the formula HgO.H^^(CN) 2 , by agitating 
an excess of red mercuric oxide with 10-20 per cent, aqueous hydro- 
cyanic acid. The substance crystallised in wliitc four-sided acicular 
prisms. 2 

"I'll is basic salt was said to be superior to mercuric chloride in 
antiseptic power, ^ though it was also said to prevent bacteria from 
developing without killing them,^ and it has been suggested that the 
antiseptic power is due to imjjuritics.^ Surgeons use it as a disinfectant, 
especially for the hands,® but commercial preparations have been said 
to vary in surgical value and rarely to correspond to the formula 

lIg0.llg(CN)2.’ 

The basic cyanide, IIg0.3rig(CN)2, was said to be formed by the 
action of aqueous mercuric cyanide on freshly precipitated mercuric 
oxide ® or on the former oxycyanide,® and, according to Barthe, many 
pliarmaceutical preparations corresj)ond closely to this formula.^® 

Hg0.11g(CN)2 seems, however, to be the only oxycyanide formed by 
dissolving mercuric oxide in mercuric cyanide, though it is not possible 
to convert the mercuric cyanide quantitatively by this method. 
Since the mercuric oxide acts as hydroxide, hydroxyl ions will accelerate 
the reaction, and the preparation of the oxycyanide can be effected 
by stirring 27 grm. of mercuric cyanide (a slight excess) into 22-2 grm. 
of mercuric oxide, 60 c.c. of water, and 4 c.c. of 10 per cent, sodium 
hydroxide till the mixture is colourless. The reaction 

HgCl2+IIg(CN)2+2KOH=Hg0.1Ig(CN)2+2KCl+Il20 

can be aj)})lied to obtain a 1 per cent, solution of the oxycyanide 
by mixing aqueous solutions of the reacting substances in appropriate 
molecular proportions. Analysis indicates that the salt in such a 
solution (which contains a little potassium chloride, or sodium chloride 
if caustic soda is used) corresponds closely to JIgO.Hg(CN )2 after keep- 
ing for three months.^® 

^ Bloxam, Chem. Nekm, 1883, 48, 101 ; Ber., 1883, 16, 2069 ; Varct, Compt. rend., 1889, 
109, 941 ; 1890, HO, 147 ; III, 079 ; 1891, 112, 635, 1312 ; 1895, I2I, 348 ; A^in. Chim, 
Phys., 1890, [7], 8, 240 ; 1897, [7], lO, 5 ; Vitali, Ghenh. Zentr., 1889, ii, 391 ; Prussia, 
Gazze.tta, 1898, 28, ii, 113; Borelli, ibid.^ 1908, 38, i, 301; Rupp and (Joy, Chem. 
ZeMr.y i908, ii, 773 ; Stromholm, ZeiUch. anorg. Chem.^ 1914, 90, 370 ; Oupta, Tratis. 
Chem. Soc., 1920, I17, 67. 

* Johnston, Phil. Trans., 1839, 113; Schlieper, Annahn, 1846, 59, 9. 

® Chibret, Compt. rend., 1888, 107, 119. 

* von Pieverling, Arch. Pharm., 1900, 244, 35. 

^ Holdermann, ibid., 1905, 243, 000. According to Kiihl (ibid., 1913, 251, 341), the 
presence of salt may increase the bactericidal value, and the disinfectant action is not 
apparently impaired by substituting considerable quantities of the normal cyanide for the 
oxycyanide. « Tagliavini, Boll. chim. farm., 1917, 56, 297. 

’ von Pieverling, J. Chem. Soc., 1899, 76, Abs. ii, 698. 

^ Holdermann, Arch. Pharm., 1904, 249, 32. 

* Joannis, Ann. Chim. Phys., 1882, [5], 26, 610 ; he investigated the thermochemistry 
of Hg0.3Hg(CN)3. 

Barthe, J. Pharm. Chim., 1896, [6], 3, 182 ; he considered both oxycyanides unsuit- 
able for surgical purposes. 

Holdermann, Arch. Pharm., 1905, 243, 600. There may be a compound Hg(0CN)CN 
(Langhans, J. Soc. Chem. Ind., 1922, 41, 234A). 

Rupp and Goy, Arch. Pharm., 1908, 246, 367. 

Rupp and Lehmann, Chem. Zerd/r., 1908, ii, 816. 
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The crystalline salt can be prepared by dissolving 125 grm. of 
mercuric acetate and 105 grm. of mercuric cyanide in about 1 litre of 
boiling water, filtering if necessary, and stirring in approximately normal 
sodium hydroxide till the liquid is alkaline to phenolphthalein. The 
oxycyanide crystallises suddenly near the end-point. After remaining 
a day in the cold, the crystals are filtered, washed with cold water, 
and dried in the air.^ Jones giinds 40 grm. of mercuric cyanide, 
30 grm. of yellow mercuric oxide, and 15 c.c. of water together, adds 
0-5 c.c. of 20 per cent, caustic soda, and stirs the whole during the 
addition of water. After making acid to phenolphthalein with acetic 
acid, the whole is added to 200 c.c. of boiling water with 20 grm. 
of mercuric cyanide, boiled to nearly complete solution, filtered, and 
cooled. The crystals are washed with a little cold water and dried over 
sulphuric acid. If the crystals are sc])arated from more concentrated 
solutions they are liable to dceomj>ose, and explosions have occurred 
during preparation. ^ Johnston noted that mercuric oxycyanide ex- 
ploded when heated, and detonated mildly if it was heated in a closed 
tube, lie also said that it docs not explode under the hammer,® but 
it is apparently liable to explode when ground in a mortar, or even 
when mixed with indifferent substances with a w^ooden sj)atula on a 
wooden board. ^ According to Kast and II aid,® it blackens and 
smokes when strongly triturated. It ignites at 170° C., and is more 
sensitive to shock than gunpowder or picric acid. 

The density of HgO.IIg(CN )2 has been given as 4-437 at 19-2° C., 
and from 4-428 to 4-419 at 23-2° C.® Light apparently does not de- 
compose it,’ but it darkens on heating. There may be a preliminary 
reduction to mercurous salt at 100° C.® before it finally blackens and 
explodes.® 

It is sparingly soluble in cold w^ater but more freely soluble in hot : 
the solution has an alkaline reaction.® The solution acts towards 
potassium iodide like a mixture of mercuric cyanide and mercuric 
oxide. The reaction 

Hg0.Hg(CN)2+2KI+H20-Hgl2+Hg(CN)2+2K0H 

occurs with lower pro})ortions of the iodide, and complex salts are 
produced when the })ro])ortions are greater. It also behaves like a 
mixture towards iodine and the halogen acids : ® when dccinormal 
hydrochloric acid is added to the oxycyanide in presence of sodium 
chloride, the reaction 

HgO.Hg(CN)2+2HCl=HgCl2+Hg(CN)2+H20 

occurs.^® The solution smells of hydrogen cyanide when it is heated 
with dilute hydrochloric acid. Hydrogen sulphide precipitates mercuric 
sulphide from it.® 

^ Holdermann, Arch, Pharm., 1906, 244 , 133. 

* JoneB, Pharm. J,, 1920, 105 , 87. 

® Johnston, Phil. Trams.y 1839, 113. 

* Merck, Pharm. Zentr.-h., 1922, 63 , 232. 

® Kast and Haid, J. 80 c. Chem. /rid., 1922, 41 , 789A. 

« Clarke, Ber., 1878, ii, 1504. 

’ Chibret, Gompt. rend., 1888, 107 , 119. 

® Sohlieper, Annalen, 1846, $ 9 , 9. 

* Rupp and Goy, Arch. Pluirm,^ 1909, 247 , 100. 

Ta^avini, BoU. chim, farm,, 1917, 56 , 297. 
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The soJiitioii of the oxy cyanide also behaves like a mixture of 
cyanide and oxide with a(jiieous ammonia -giving j)rceipitates of 
mercuriarnmonium com))ounds while mercuric cyanide remains dissolved. 
Stout needles of JI^^(CN) 2 .H"S 04 . 5 H 20 , hydrolysed by water into 
mercuric (yanide and basic mercuric sulphate, are obtained by evapor- 
ating^ a solution of the oxycyanidc in dilute sulphuric acid. The 
behaviour of the solid oxycyanide is represented by the formula HgO. 
IT|[r(CN) 2 , and its molecular weij^ht in solution corresponds cryoscopically 
to OH.H^.CN.^ It has been supposed to ionise slightly into OH' 
and HgCN‘,2 but the existence of evidence for the latter ion has been 
denied.^ 

The heat of formation of the solid oxycyanide from solid mercuric 
cyanide and oxide is 2*4 Cal.^ 

Mercuric Fulminate. — Howard obtained mercuric fulminate, 
Hg(CNO) 2 , by adding a solution of mercury, or mercuric oxide, in 
nitric acid to alcohol.^ This method was used by subsequent experi- 
menters,^* and is still the method of preparation. If the nitric acid 
solution of mercury is stood and the alcohol added to it (with warming), 
the fulminate is not the product.® 

The usual materials are clean mercury, nitric acid of density I Jib, 
and 90 per cent, alcohol. The operation is performed in a flask. The 
[)roportions of acid and alcohol are varied somewhat, but tlicy must 
be in large excess to ensure a good yield. A vigorous reaction soon 
begins when the nitric acid solution is added to the spirit, and crystals 
of the fulminate deposit. About a pound of mercury is usually employed. 
When the reaction is over the contents of the flask are poured into 
water and washed free from acid by decantation.’ The temperature 
of the alcohol before adding the mercuric nitrate solution is varied in 
different processes. In the Chandelon process the temperature is about 
55"" C. In Chavalicr’s modification of Liebig’s process the initial 
temperature is ordinary room temperature or a few degrees above it. 
If the reaction becomes too energetic, as it may do in the Chandelon 
process, it can be eircumsjicetly checked by adding more alcohol. 

The washed ])recipitate is often stored under water in linen bags, 
so that it can be handled without serious risk of explosion. It is 
obtained dry by spreading it out on trays and driving off the moisture 
with warm air at a temperature not above 40° C. or by means of a 
vacuum drier.® 

Mercury fulminate can also be prepared by adding oximinoacetic 
acid to mercuric nitrate dissolved in nitric acid,® and it separates in 
crystals when malonic acid and a little sodium nitrite are added to 
a solution of mercury in excess of dilute nitric acid.^® Methyl alcohol 

* Rupp and Goy, Arch. Pharm.^ 1912, 250 , 280. 8 ce Rupp, ibid., 1906, 244 , L 
According to Borelli {GazzeUtty 1908, 38 , i, 361), the properties of the oxycyanide are 
expressed by the formula 0 (HgCN )2 and the formation of the hydroxide OH.Hg.CN in 
water. See also Holdermann, Arch. Pharm., 1906, 244 , 133. 

* Holdermann, Arch. Pharm., 1906, 244 , 133. 

® Joannis, Compt. rend., 1881, 93 , 271. 

* Howard, Phil. Trans., 18(X), 204. 

® Liebig, Anjialen, 1855, 95 , 284. 

® Cowpt^r, Trans. Chain. Soc., 1881, 39 , 242. 

’ Marshall, Explosives (Chui'chill, London), 1917, vol. ii, 700. 

® Williams, The Chemistry of Cyanogen Co-mpounds (Churchill, London), 1916, 315. 

» Wieland, Btr., 1910, 43 , 3362. 

Angelico, Chem. Zentr,, 1901, ii, 404, 
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cannot be substituted for ethyl alcohol,^ but various other substances 
give mercuric fulminate when the nitric acid solution of mercuric nitrate 
is added to them.^ 

Pure fulminate of mercury is white, but grey varieties occur com- 
mercially, and the product from the above process is often brown — 
apparently from the presence of resinous substances formed in the re- 
action when methylated spirit is used. White fulminate is obtained by 
adding some metallic copper and hydrochloric acid to the nitric acid 
solution before pouring it into the alcohol, but the whiteness seems to 
be due to the bleaching, not to the destruction, of the coloured bodies.^ 
Solonina advises the addition of cuprous chloride instead of copper and 
hydrochloric acid.^ 

Howard’s ])roduct was a dark prcci])itatc that altered into white 
acicular crystals.® A litre* of water dissolves O ()‘71(> grm. at 
12° C., 1*7381 1*7835 grm. at 49" C.,« and about 8 grm. at 100° C.^ 
It crystallises from its aqu(‘ous solutioji in white or yellowish gleaming 
needles,'^ Its density has been given as 4*42.® 

Mercuric fulminate is decomposed by nitric or hydrochloric acid and 
by many other reag(*nts.^ 

It explodes in contact with concentrated sulphuric a(*id or under 
shock, and is used as a detonator. 

Both grey and w4ut(^ fulminates of mercury are converted into a 
non-explosive substance by heating at 90° C. for 100 hours in the dry 
or wet condition. The yellowdsh-brown j)roduct (pyrofulmin) retains 
the original crystalline form of the fulminate. 

Mercurous Thiocyanate, Hg 2 (GNS) 2 , is precipitated from mer- 
curous nitrate solution by potassium thiocyanate.^® The solutions 
should be vTry dilute. Hermes states that the white precipitate is 
only obtained if mercuric salt is also })resent in the solution, and 
he doubted the existence of mercurous thiocyanate.^® The white pre- 
cipitate of Hg 2 (UNS )2 decomposes readily into mercuric thiocyanate, 
Hg((.NS) 2 , and metallic mercury, even when precipitated from dilute 
solutions of mercurous Jiitrate and potassium thiocyanate. If, however. 


^ Stahlschniidt, Pogg, Aiinahmf 18(>0, iio, 547. 

2 WoMor an(l Thoodorovits, Bcr., 1905, 38 , 1345. ^ MarsJiall, loc, ciL 

* Solonina, Zeitsch. Gc-s. Scliem u. BprcmjfiioffireM'n, 1910, 41 , 67. 

® Howard, loc. cit. * Hollcmann, Mac. Trav. chim., 189(3, 15 , 159. 

’ Scjhischkoff, Annalcn, 1856, 97 , .53. He «aki that hiw crystals contained a half 
molecule of water of crystallisation. 

^ Berthelot and Vieille, Ann. Chim. Phy^., 1880, [5], 2I, 569. 

® For reactions and constitution of mercury fulminate, see Howard, Phil. Trans. ^ 
1800, 204; Kckule, AnmiUn, 1857, lOl, 213; Steiner, Per., 1875, 8 , 520, 1177; 1876, 
9 , 787 ; 1883, i 6 , 1484, 2419 ; Carstanjen and Ehrenberg, J. prakt. Chem., 1882, [2J, 25 , 
232; Ehrenberg, ibid., 1883, [2J, 28 , 56; 1884, |2], 30 , 38; Scholvicn, ibid., 1884, [2], 
30 , 91 ; Brownsdon, J. Boc. Chein. Ind., UK)5, 24 , 381 ; Rathsburg, Ber., 1921, 54 , 3185; 
Langhans, J. 80 c. Chem. Ind,, 1923, 42 , 120A. 

Howard, Phil, Trans., 1800, 204. 

For studies of exidosive properties of mercury fulminate, see Howard, Phil. Trans., 
1800, 204 ; Berthclot and Vieille, Ann. Chim. Phys., 1880, [5], 21 , 564 ; Hoitsema, Zeitsch. 
physikal. Chem., 1896, 21 , 137; Robertson, Trans. Chem. 80 c., 1921, 119 , 18; Farmer, 
ibid., 1922, 121 , 174. 

Langhans, J. 80 c. Chem. Ind., 1922, 41 , 234A ; 1923, 42 , 120A. The pyrofulmin may 
be a mixture of mercuric oxide and Hg( 0 ('N)CN. 

Wohler, OiWert's Annalen, 1821, (^, 272. 

** Claus, J. prakt. Chem., 1838, [1], 15 , 4(W. 

>5 Hermes, ibid., 1866, [1], 97 , 465. 



304 


BERYLLIUM ANB ITS CONGENERS. 


the solution is sulRcientiy acid, the grey or dark precipitate becomes 
\yhitc again on standing, as though the mercurous thiocyanate were 
reformed.^ 

Mercurous thiocyanate is insoluble in water, darkened by alkalies, 
and dissolved by hot hydrochloric acid with separation of metallic 
mercury.^ It decomposes at a red heat.^ 

Some mercurous thiocyanate may be formed by the action of light 
upon the precipitated mercuric salt.^ 

Mercuric Thiocyanate, Hg(CNS) 2 , has been crystallised in small 
white plates from a hot solution of mercuric oxide in thiocyanic acid.^ 
It falls as a white precipitate by mixing solutions of a mercuric salt 
and potassium thiocyanate, and dissolves in excess of either reagent.^*® 
Joannis prepared it by precipitating a solution of mercuric chloride 
with potassium thiocyanate solution,^ and a solution obtained by 
dissolving mercuric chloride in excess of ammonium thiocyanate has 
been iiscd as a photographic intensifier,^ Mercuric thiocyanate dis- 
solves in cold hydrochloric acid, in metallic chlorides, and, with more 
difficulty, in hot water, alcohol, or ether. It crystallises in needles 
from water or alcohol,^ and was also said to crystallise from boiling 
water in shining plates.^ 

“ Pharaoh’s serpents ” are prepared by rubbing up the dried pre- 
ci})itatc of mercuric thiocyanate with gum- water to a thick plastic 
mass, making short cones of the mixture, and drying them. Wlien 
these cones are ignited they burn with a sulphur-like flame, and the 
ash extends as a long twining filament. 

The heat of formation of mercuric thiocyanate from liquid mercury, 
octahedral sulphur, and cyanogen gas is 18*0 Cal.^ 

Mercuric thiocyanate appears to be somewhat sensitive to light, and 
a little mercurous thiocyanate may be formed.^ 

Fleischer obtained small yellow tabular crystals of 2lIg(CNS)2. 
4NH3.HaO (or 2Hg(CNS)2.3NH3.H20) by dissolving yellow mercuric 
oxide in a hot solution of ammonium thiocyanate.® When this salt 
is boiled with water a citron-yellow powder results which, according to 
Fleischer, is the basic salty 3HgO.Hg(CNS)2, but, according to Philipp,^ 
is HgO(NH 2 Hg).CNS. Claus® said he obtained the basic salt, 2HgO. 
Hg(CNS) 2 , by ammoniating a solution of mercuric thiocyanate in 
potassium thiocyanate. 

Yellow needles of the acid salt, Hg(CNS) 2 . 2 HCNS, were obtained 
by diluting a solution of mercuric thiocyanate in thiocyanic acid.® 

The following double salts have been prepared: KCNS.Hg(CNS)a,^*® 
2NH4CNS.Hg(CNS)2,® Hg(CNS)2.Zn(CNS)2.® 

Mercuric thiocyanate also unites with pyridine to form colourless, 
transparent, monoclinic crystals of Hg(CNS) 2 .C 5 H 5 N.^® 


1 Philipp, Pogg. Anmlen, 1867, 13X, 86. 

* Wohler, Qilberfa Anmdent 1821, 69, 272. 

® Hermes, J. prakt. Chem., 1866, [1], 97, 466. 

* Joannis, Ann. Chim. Phys., 1882, [6], 26, 643. 

* Eberha^, J, 80c. Chem. Ind., 1901, 20, 387. 

* Fleischer, Annalen, 1875, 179, 225. 

’ PhiUpp, ibid,, 1876, 180, 341. 

« Claus, J. prakt. Chem., 1838, [1], 15, 401. 

* a^ve, ibid., 1864, [1], 9h 227. 

Grossmann and Hiinseler, ZeiUch^ anorq. Chem., 1906, 46, 364« 
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DETECTION AND ESTIMATION OF MERCURY. 

Detection of Mercury. — Most mercury eompoimds sublime when 
they arc heated alone in a closed tube. The sulphide ^i^"es a black 
sublimate and mercuric iodide a yellow, which turns rod on rubbing.^' 
All compounds of mercury, when mixed with sodium carbonate and 
heated in a closed tube, ^^ivc a ^rey mirror consistin/nr of small globules 
of mercury. The reduction is assisted by mixing a reducin^jf a^^ent, such 
as charcoal, with the sodium carbonate. The deposition of a ^^rey film 
of mercury on bright eoppcr-foil is characteristic of mercury solutions. 
On drying and rubbing the deposit becomes bright like silver. 

Mercurous salts, which are readily hydrolysed in dilute aqueous 
solution, arc usually ""recognised by the precipitate of mercurous chloride 
given with hydrochloric acid or chloride solutions. Mercurous chloride 
is easily distinguished by blackening with ammonia or caustic alkali. 
It also dissolves in nitric acid, acpia regia, and chlorine w'ater. A 
similar white precipitate is given by mercurous solutions with hydro- 
bromic acid or soluble bromides. 

Potassium iodide solution gives an olive-green precipitate of mer- 
curous iodide with solutions of mercurous salts. C"austie potash pre- 
cipitates black mercurous oxide, and alkali carbonates give a yellow 
precipitate of carbonate that rapidly becomes grey through the separa- 
tion of metallic mercury. Ammonia and ammonium carbonate produce 
a black j>recq)itate of mercuric aminino salt and metallic mercury. 
Brown mercurous chromate is precipitated from solutions of mercurous 
salts by potassium chromate that becomes red on boiling. Potassium 
cyanide forms mercuric cyanide and metallic mercury, and stannous 
chloride reduces mercurous salts to metallic mercury. Hydrogen 
sulphide, under ordinary conditions, throws down a black precipitate 
of mercuric sulphide from mercurous salt solutions, and mercury is 
simultaneously separated. 

Solutions of mercuric salts give a black precipitate of mercuric 
sulphide with hydrogen sulphide. Yellow mercuric oxide is precipi- 
tated by caustic potash. Ammonia produces white ng(NIl2)('l when 
it acts on mercuric chloride. Potassium iodide gives a red precipitate 
of mercuric iodide, which is yellow when it first precipitates and dis- 
solves in excess of the reagent.^ Alkali carbonates precipitate reddish- 
brown basic carbonates. Potassium cyanide forms complex salts 
without giving any precipitate, though concentrated mercuric nitrate 
solution may precipitate some mercuric cyanide that dissolves in 
excess of potassium cyanide. Alkali chromates give yellow precipitates 
that go red, on boiling. Ferrous sulphate reduces mercuric nitrate on 
boiling to metallic mercury. Stannous chloride reduces mercuric salts 
to mercurous, and finally to metallic mercury. Aluminium, copper, 
zinc, and iron precipitate mercury from its solutions. Potassium 
thiocyanate throws down white mercuric thiocyanate, soluble in excess 
of either the potassium thiocyanate or the mercuric salt. 

Browning detects very small quantities of mercury by precipi- 
tating the metal electrolytically on a gold cathode and examining 

^ See Slater Pricse, J. 8oc, Chem, Ind.t 1923, 42 , 292. 
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spectroscopicalJy.^ Artniann ^ soaks filter paper in some of the mercury 
salt solution, treats with cuprous iodide, and dries. A bright red colour 
indicates mercury. Two rngm. in 1000 e.c. may be thus detected. 

Deniges applied the characteristic crystals obtained with potassium 
iodide or bromide micTochcmically.® 

If dij)henylcarbazidc, in benzene or alcoholic solution, is shaken 
with solutions of mercury salts, a bluish-violet coloration is given with 
very small quantities of mercury.^ 

Determination as Metal. — ^The volatility of mercury and the 
ready reducibility of its compounds were applied to its estimation by 
distilling it over for coll<‘etion and weighing.® Since most compounds of 
mercury are quantitatively decomposed by heating with lime, mercuric 
oxide being first formed which then decomposes into metal and oxygen, 
the method is usually applied by heating a jnixture of the substance 
under analysis with ([uieklime. A layer of lime, then a layer of the 
substance mixed with the quicklime, and another layer of lime are 
commonly introduced into a long combustion tube of glass. Wads of 
asbestos at either end keep the material in ])osition. During the heat- 
ing a current of carbon dioxide or, jmderably, according to Treadwell,® 
of illuminating gas, is passed through. The exit end of the tube is 
drawn out. Rose bent this drawn-out end under water to condense 
the volatilised mercury for weighing.’ Instead of collecting the 
mercury und(T water, drying, and weighing, Treadwell ® prefers to 
collect it in a bulb tube — placing gold leaf at the exit to retain mercury 
vapours. The tube containing the condensed mercury is weighed, and 
then again after volatilising the mercury. Dry air should be led 
through the tube, after condensing the mercury, before the first weighing. 

If finely divided coj^per is added to the mixture of mercury salt 
and lime, the method can Ik; used for mercuric iodide.’ 

This dry method of analysis can be applied to ores and minerals 
without the previous removal of other metals. They can be heated with 
lime alone, but if sulphur is present, iron filings ® or copper oxide ® 
should be mixed with the lime. Accurate results can be obtained wdth 
both mercuric sulphide and iodide by using a mixture of quicklime 
(one part), iron filings (two parts), and powdered lead chromate (one 
part).^® 

The mercury, instead of being weighed, can be dissolved in nitric 
acid and estimated by a wet method.®* ® It can also be collected on a 
cooled silver plate that has been previously weighed. Rubiers 
heats the mineral, mixed intimately with fine iron powder, in a porce- 
lain cmcible. A closely covering gold or silver crucible serves to 

1 Browning, Trans, Chem. Soc.^ 1917, ill, 236. 

* Artmaiin, Zeitsek, anal, Chem,^ 1921, 6 o, 81. 

® Deniges, Ann, Chim, anal,, 19i9, [ 2 ], i, 383. 

* Cazenouve, Compt, rend., 1900, 131 , 346; M 6 nierc, ibid,, 1908, 146 , 754. 

® Erdmann and Marchand, J, prakt. Chem,, 1844, [ 1 ], 31 , 385 ; Konig, ibid,, 1857, fl], 
70 , 64. 

* Treadwell, Analytical Chemistry (translated by Hall) (Chapman & Hall, London ; 
Wiley, New York), 1913, 2 , 171. 

Rose, Pogg, Annahn, 1860, HO, 529. 

® Heinzelmann, Chem. Ze.it., 1921, 45 , 657. 

® Bont/on and Duachak, ILS. Bureau of Mines, Techn, Paper 277, 1920. 

Camming and Macleod, Tram. Chem, Boc,, 1913, X 03 , 513. 

Heinzelmann, loc.. cit., 1226. 

Rubiers, Anal, Fis. Quim., 1918, x 6 , 661 ; J. Chem, Soc,, 1919, Xi 6 , Abe. ii, 80. 
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condense the volatilised mercury. This cover is cooled during the 
heating of the mineral, and, when the decomposition is completed, is 
washed with alcohol and weighed. 

Salts of mercury can also be reduced to metal by hydrazine salts, ^ 
by zinc filings and siil})Iiuric acid,^ by formaldehydcj in the presence of 
an alkali hydroxide,® or by formaldehyde in the presences of sodium 
hydroxide and potassium iodide.^ The separated metal (»an be weighed 
as such or dissolved and estimated by a volumetric method. 

Gordon estimates very small quantities of wienairy by rotating a 
<!oil of copper gauze in the solution, in the jjrescnec of hydrochloric 
acid, and weigliing before and after heating in hydrogen.® 

Mercury can also be quantitatively precipitated from nitric acid 
solution by calcium hyjK)})hosphite.® 

Gravimetric Estimation. —Solutions of mercuric salts that con- 
tain no oxidising substances can be saturated with liydrogen sulphide 
in the cold, and the precipitated sulphide weighed after drying at 105°- 
110° C. If oxidising substances arc ])resent, the acid solution is almost 
neutralised with pure sodium carbonate, and treated with a slight 
excess of ammonium suljdiide. Pure caustic soda solution is then 
added, with rotation, till the dark liquid lightens. It is then heated to 
boiling and more caustic soda added till the licpiid is clear. The sul})ho- 
salt, llg(SNa) 2 , is deeom])osed by boiling witli ammonium nitrate until 
the ammonia is almost expelh‘d. The settled llgS is liltered off, dried 
at 110° C<., and weighed. Free sulphur can be removed from the 
precipitate by cxtracjtion with carbon disulphide, or by boiling witli 
sodium sulphite before liltering.’ 

Solutions of mercurous salts can be determined as mercurous cklor'uk 
by treating with sodium chloride, diluting considerably with water, and 
filtering after standing lor twelve hours. The j)recii)itatc is then dried 
at 105° C. and weighed.® Hulett j)recipitated with a slight excess of 
dilute sodium chloride solution, and dried the mercurous chloride in 
a vacuum desiccator.® Solutions of mercuric salts are heated with 
hydrochloric acid, diluted with water, and reduced by adding an excess 
of phosphorous acid before precipitating with the chloride solution. 

The precipitated mercurous chloride may be estimated volumetri- 
cally by treating with iodine solution and hydroeliloric acid, 

2HgCl+l2+2HCl-2HgCla+2HI. 

1 Duccini, GazzelUif 1013, 43 , ii, 093. Struve {Chnm. ZeiL, 1914, 38 , 320) (3omi)letes 
tho oBtimation by titrating the oxceBS of hydrazine. 

* Francois, Compt. rerld., 1918, 166 , 950. 

* Adanti, Boll. chim. farm.^ 1910, $ 5 , 553. Since some mercurous chloride is liable to 
form (Kolthofl and Keijzer, Pharin. WeeMlad., 1920, 57 , 913), the i*oduction is best per- 
formed in tho presence of barium hydroxide (Koltholl and Keijzer, Pharm. WcMhd.t 1923, 
60 , 18). 

* Fran 9 ois, J. Pkarm. chim., 1921, 24 , 369. 

® Gordon, Analyst j 1920, 45 , 41. For estimation of small quantities, also see Bottger 
and Heinze, Zeitsch. Ehktrochem., 1910, 22 , 69. 

* Winkler, Zeitsch. anal. Chem., 1924, 64 , 262. 

’ Treadwell, Analytical Chemistnf (translated by Hall) (Chapman & Hall, London; 
Wdey, New York), 1919, 2 , 108. 

® Treadwell, he. cit.f 170. ® Hulett, Zeitsch. physikal. Chem,, 1904, 49 , 483. 

Treadwell, he. cit., 171. For investigation of reduction of mercuric chloride by 
phosphorous acid, see Linhart, Aimr. J. Sci., 1913, [4J, 35 , 353. Hypophosphorous acid 
reduces mercuric chloride to mercurous chloride more rapidly than phosphorous acid 
(MitcheU, Trans, Chem. Hoc,, 1921, X 19 , 1266). 
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The estimation is completed by titrating the excess of iodine with 
sodium thiosul})hate.^ 

In estimating mercury as zinc mercuric thiocyanate, the solution of 
the mercuric salt, (iontaining about 0*14 grm. of mercury, is treated 
with 25 c.c. of a solution containing 39 grm. of ammonium thiocyanate 
and 0*29 grm. of zinc sulphate per litre. The precipitate of Zn(CNS) 2 . 
Hg(€NS )2 is collected, washed with a solution prepared by diluting 
5 c.c. of the thiocyanate reagent with 450 c.c. of water, dried at 105® C., 
and weighed. The moist precipitate may also be treated with 35 c.c. 
of concentrated hydrochloric acid, 10 c.c. of water, 7 c.c. of chloroform, 
and titrated with standard potassium iodate solution.^ 

Neutral solutions of mercuric salts are not precipitated by excess 
of ammonium thiocyanate solution in the presence of pyridine. The 
formation of white crystalline cadmium pyridine thiocyanate under 
these conditions provides a separation of mCrcury from cadmium. 
After precipitating the cadmium the mercury can be estimated in the 
filtrate as sulphide. ^ 

Volumetric Methods. — The volumetric estimation by standard 
thiocyanate solution has been often recommended. Low* boils jVre- 
cipitated mercuric sulphide with concentrated sulphuric acid and a 
solution of potassium permanganate. After destroying manganese 
dioxide with oxalic acid the whole is heated to fuming and diluted 
with 100 c.c. of water. Ferric indicator is then added and the titration 
performed with decinormal thiocyanate. Metallic mercury, as obtained 
in the dry method, may be dissolved in nitric acid with a few drops of 
potassium perinanganate solution,^ or in potassium permanganate with 
an excess of hydrogen peroxide,® and titrated . as before. Electro- 
metric titration is said to give a sharper end-|)oint. The mercury is 
dissolved in hot concentrated nitric acid, and the nitric oxide oxidised 
by potassium permanganate. The slight excess of the permanganate 
is removed by adding ferrous sulphate ; the small amount of ferric salt 
formed serves as indicator.^ 

Rupp® utilised the fact that potassium cyanide, when added to 
neutral solutions of mercuric chloride, produces non-ionised mercuric 
cyanide. The excess of potassium cyanide can then be titrated with 
standard hydrochloric acid. Mitchell found this method to be more 
reliable than most volumetric methods published, and to be applicable 
to very dilute solutions. The solution is exactly neutralised by caustic 
soda, using bromophenol-blue as indicator. A slight excess of deci- 
normal potassium cyanide is added, and the excess titrated with deci- 
normal hydrochloric acid to the tint of the indicator before adding the 
cyanide. Methyl-orange can be used, but is less effective in artificial 
light.® 

Mercuric salts can also be estimated by precipitation as hydroxide, 
solution in standard potassium cyanide, and titration of the excess with 

1 EiesBcr, Zeitsch. physiol. Ghem., 1916, 96 , .366. 

* Jamieson, J. Ind. £}ng. Chem., 1919, ii, 296. 

® Rotter, Zeitsch. ami. Ghem., 1924, 64 , 102. 

* Low, Analyst, 1920, 29 , 13. 

® Hein^clmann, Ghem. Zeit., 1921, 45 , 657. 

* Bonion and Duschak, U. 8 . Bureau of Mines, Techn. Paper 227, 1920. 

’ Miiller and Benda, Zeitsch. anorg. Ghem., 1924, 134 , 102. 

» Rupp, Ghem. Zeit., 1908, 32 , 1077. 

* Mitohell, Trans, Ghem. 80 c., 1921, 1 x 9 , 1272. 
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standard silver nitrate — ^using potassium iodide as indicator.^ Bauer,* 
after destroying organic matter with sulphuric acid and hydrogen per- 
oxide, adds a slight excess of ammonia, then an excess of standard 
potassium cyanide, and titrates as before. 

The mercury obtained by a reduction method can be dissolved in 
standard iodine solution,® or in standard iodine solution containing 
some dilute acetic acid,^ and the excess of iodine over the amount 
required to convert the mercury into iodide titrated with sodium 
thiosulphate. 

Sasse® estimates mercuric chloride volumetrically by titration with 
potassium iodide solution. 

Electrolytic Estimation. — Mercury can be estimated electro- 
lytically in acid, neutral, or alkaline solutions. It separates in lluid 
drops from acid solutions of cither mercurous or mercuric salts, and 
can be collected in a platinum basin that acts as cathode.® The 
mercury deposited from nitric acid solutions spreads out as a mirror 
on the platinum cathode as the cathode potential rises, and from 
ammoniacal or cyanide solutions the fine drops of metal are sufficiently 
adherent to the cathode.’ Gold cathodes have been employed,® and 
de Mecus says that the mercury deposit thus obtained can be washed 
with alcohol and ether. He uses a solution eontaining about 0 3 grm. 
metal and a little nitric acid in 125 c.c. The electrolysis is performed 
at 30‘^- 40® C., the electrolyte is well stirred, and a current of 4-4*5 
amp. is employed.® 

Stirring the electrolyte seems to promote an adherent mirror of 
mercury on the cathode, and rotating anodes have been used by many 
ex])erimenters.^® The cathode has also been rotated, and its surface 
may be matt with advantage.^* 

Brand washed the separated mercury with water, alcohol, and 
ether, and then dried it in a desiccator over sulphuric acid.^® But 
when the metal is dried over sulphuric acid some mercury vapour is 
absorbed by the acid.^^ Borclli dried his mercury, after deposition in 
a platinum capsule, over fused caustic potash ; Losanitsch washes 
the cathode, with its deposit of mercury, with water and alcohol, and 
dries over caustic potash in an atmosphere of mercury. 

1 Clennell, Eng. and Mining J., 1914, 787. 

* Bauer, Ber., 1921, 54B, 2079. 

^ Adanti, Boll. chim. fann.y 1916, 55, 553. 

* Fran9ois, J. Pharm. chim,., 1921, 24, 369. 

® Sasse, Chem. Zeit.y 1920, 65, 559. 

* Luckow, Zeitsch. anal. Ghem., 1869, 8, 24; Hannay, J. Chem. Soc., 1873. 26, 568; 
Clarke, Ber., 1878, ii, 1409, 

’ Sand, Trans. Ghem. Soc,, 1907, 91, 388. Smith and Knorr {Ame.r. Ghem. «/., 1886, 8, 
206) obtained shining deposits by electrolysing mercuric nitrate in the presence of free 
nitric acid. 

* de la Esoosura, J. Pharm. chim., 1886, [5]; 13, 411. See Hargreaves and Rowe, 
J. 80 c. Ghem. Ind., 1907, 26, 813. 

* de Meeus, BuU, Soc. chim. Belg., 1922, 3 X, 302. 

Exner, J. Amer, Chem. Soc., 1W3, 25, 901 ; Fischer and Boddert, Zeitsch. Elektro- 
chem., 1904, 10, 949. 

Losanitsch, Monatsh., 1914, 35, 307. 

** Classen, Ber„ 1894, 27, 2060 ; Bindschedler, Zeitsch. Elektrochem., 1902, 8, 329. 

Brand, Zeitsch. anal. Ghem., 1889, 28, 692. 

Treadwell, Analyticai Chemistry (translated by Hall) (Chapman & Hall, London ; 
Wiley, New York), 1919, 2, 173* 

BorelU, Oazzetta, 1907, 37, i, 426. 
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Fischer considered that the electrolytic estimation of mercury 
is best performed in nitric acid solution,^ and, though other electro- 
lytes can be used satisfactorily, the nitric acid electrolyte is very 
suitable.® 

Treadwell® advises the following conditions: 150 c.c. electrolyte 
containing 2 or 3 c.c. of concentrated nitric acid, ordinary temperature, 
platinum gau2:e cathode, current of 0-055 -O-IO amp. The voltage under 
these conditions corresponds to 3*5~-5 0 volts. With a current of 0-6- 
1-0 amp., 1 grm. of mercury can be deposited in two or three hours. 
Guzman and Poch^ suggest a graphite anode and a copper cathode 
plated with silver. Mercury electrodes have also been suggested.® 

Mercury, present as mercuric chloride, for example, can also be 
elcctrolytically estimated in the presence of some sulphuric acid.® 

Insoluble mercury com})ounds can be electrolysed by suspending 
them in water slightly acidified with hydrochloric acid, or in a 10 per 
cent, solution of sodium chloride."^ Mercury can also be electrolysed 
in solutions containing chlorine ions by acidifying with a little nitric 
acid and adding some alcohol.® 

Good results can be obtained with cyanide solutions,® though the 
method has been criticised.^® Hardin determined the atomic weight 
of mercury by electrolysing a solution of mercuric chloride or mercuric 
bromide in potassium cyanide. He also electrolysed a solution of 
mercuric cyanide slightly acid with sulphuric acid. Classen advises 
the following conditions : volume of solution, containing 2~3 grm. of 
potassium cyanide, 175 c.c,, ordinary temperature, a current of 0-03- 
0-08 amp., voltage 1-05 -1-75. He advises that the deposit from cyanide 
solutions should not be washed with alcohol, since peeling is likely to 
occur. Water only should be used for washing.^ Guzman and Poch 
suggest an iron anode and a copper cathode plated with nickel and 
finally covered with silver.^ Potassium cyanide tends to have an action 
on the platinum cathode.^® 

Mercury can be estimated in cinnabar by solution in hydrobromic 
acid, nearly neutralising with caustic potash, and treatment with enough 
potassium cyanide to redissolve the first formed precipitate. The solution 
is then electrolysed with a platinum dish as cathode. 

Mercury can also be elcctrolytically estimated in solutions containing 
ammonium oxalate or ammonium tartrate, and in alkaline solutions of 
potassium mercuric iodide. 

^ Fischor, Zeitsch. angew. Chem., 1907, 20 , i, 136. 

* Treadwell, Analytical Chemidry^ loio, 2 , 172 ; Bottiger, Zeitsch. Elektrochem,, 1920, 
26 , 445. 

* Treadwell, he. cit., 173. 

* Guzman and Poch, J. Chem. 8oc., 1919, Ii6, Abs. ii, 247. 

® Gee, Tram. Faraday Soc.t 1906, i, 241. 

® Koliock, J. Arner. Chem. 8oc., 1899, 2 i, 927 ; Bindsohodlcr, ZeiUtch. Elektrochem,, 
1902, 8 , 329. 

’ Classen, Quantitative Chemical Analyais by EUctrolysis (translated by Boltwood) 
(Chapman & Hall, London ; Wiley, New York), 1903, 204. 

“ Bottger, ZeiUch. angew. Chem., 1921, 34 , 120. 

* Bindschedler, Zeitsch. Elektrochem., 1 ^ 2 , 8 , 329. 

Bottger, Zeitsch. Elektrochem., 1920, 26 , 445. 

Hardin, J. Amer. Chem. Soc., 1896, i 8 , 1003. 

** Glaser, Zeitsch. Elektrochem., 1903, 9 , il. 

Rising and Lenher, J. Amer. Chem. Soc., 1896, 18 , 96. 

Vortmann, Ber., 1891, 24 , 274. For electrolytic estimation of mercury in mercury 
oleates and salicylates, see Murray, J. Ind. Eng. Chem., 1916, 8 , 267, 268. 
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Alkali sulphide solutions give good results.^ Smith and Wallace * 
used a solution containing 0*1913 grm. of mercury and 20 c.c. of a 
sodium sulphide solution (density 1*22) in 125 c.c. The electrolysis 
was carried out at 05° C. with a current of 013 amp. Guzman and 
Poch® suggest the use of an iron anode and an amalgamated copper 
cathode. 

Mercury can be clcctrolytically separated from copper/’^ the alka- 
line, earths,® zinc,’ cadmium,^®’’ aluminium,® tin,® arsenic,^*®'® 
antimony,^’ ® bisnuitli,^ chromium.® molybdenum,® tungsten,® 
uranium,®’ manganese,® iron,®* ’ cobalt,®- ’ nickel,®’ ’ palladium,® 
j)latinum.^^ 

Mercury in an organic non-electrolyte may be estimated by first 
decomposing the compound by heating in a closed tube with concen- 
trated nitric acid. The mercury can then be precipitated as sulphide 
or otherwise estimated. Bauer destroys organic matter with concen- 
trated sulphuric acid and hydrogen peroxide.^® 

Mercury can be separated from many other elements by distilling 
mercuric chloride over from phosphoric acid solution. 


^ Kollock, J. Amer. Chem. 1899, 2I, 923. 

® Smith and Wallace, ibid,, 1896, i 8 , 169. 

® (hizman and Poch, loc, oil. 

^ Ereudenberg, Zeii^ch. physikal, Chem., 1893, I 2 , 111 . 

® Sparc and Smith, J. Amcr. Chem. ^oc., 19oi, 23 , r>79. 

® (MasHcn and Ludwig, Her., 1886, 19 , 323. 

’ Kolhxjk, loc. cit., 910. ' 

^ Sclunuckcr, Zeitneh. anorg. Chem., 1894, 5 , 208. 

® Smith and Frankcl, A tmr. Chem. J., 1890, 12 , 428. 

Fernbcrgcr and Smith, J. Amer. Chem. S’or., 1899, 21 , 1006. 

Smith and IVluhr, Amer. Chew.. J., 1891. 13 , 421. 

Tremlwoll, Analytical Clmnwtry (translattul by Hall) ((chapman & Hall, London ; 
Wiley, New York), 1919, 2 , 170. 

Bauer, Ber., 1921, 54 B, 2079. 

Streoker and Conrad t, ibid., 1920, 53 B, 2113. 
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— exx^ansion, 162. 

— history, 159. 

— isotox>es, 165. 

— latent heat of fusion, 161. 
of vaporisation, 161. 

— melting-point, 161. 

— occurrence, 159. 

— physical prox)erties, 160. 

— preparation, 159. 

— purification, 160. 
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Cadmium, specific heat, 161. 

— spectrum, 162. 

— tWmal conductivity, 161. 

— uses, 160. 

— vapour- density, 161. 

— water on, 162. 

Cadmium amide, 190. 

— arsenates, 194. 

double, 194. 

— arsenide, 194. 

— arsenite, 194. 

— azide, 190. 

— borates, 197. 

— bromapatite, 193. 

— bromate, 177. 

dihydrate, 177. 

triammoniate, 177. 

— bromide, 171. 

ammoniates, 173. 

basic, 173. 

boiling-point, 172. 

density, 172. 

double salts, 173. 

— — formula, 172. 

hydrates, 172. 

solubility, 172. 

thermo-chomical data, 173. 

— carbonate, 195. 

occurrence, 159, 196. 

— chlorapatite, 193. 

— chlorarsenioapatitts 194. 

— chlorate, 176. 

— chloride, 168. 

acid salt, 171. 

ammoniates, 170. 

basic, 171. 

boiling-point, 168. 

density, 169. 

double salts, 171. 

hydrates, 169. 

melting-point, 168. 

solubility, 170. 

thermo- chemical data, 170. 

— chromate, 189. 

ammoniates, 189. 

dihydrate, 189. 

double salts, 189. 

— chromite, 189. 

— cyanide, 96. 

— dichromate, 189. 

double salt, 189. 

— dithionate, 1 87. 

— fluoride, 168. 

double salts, 168. 

— hydi'oxide (cadmic), 179. 

crystalline, 180. 

forms, 180. 

solubility, 180. 

thermo-chemical data, 180. 

— hydroxide (cadmous), 179. 

— hypophosphite, 193. 

— iodate, 177. 

— iodide, 174. 

acid salts, 176. 

ammoniates, 176. 

boiling-point, 1 74. 


Cadmium iodide, density, 174. 

double salts, 176. 

forms, 174. 

heat of formation, 174. 

heats of solution, 175. 

melting-point, 174. 

solubility, 174. 

— metaborate, 197. 

— metantimonate, 195. 

— metatungstato, 190. 

— molybdate, 189. 

— nitrate, 191. 

ammoniates, 192. 

basic, 192. 

hydrates, 191, 192. 

thermo -chemical data, 192. 

— nitride, 1 90. 

— nitrite, 191. 

double salts, 191. 

— orthoborate, 197. 

— ortho])hosphate, 193. 

— oxide (cadmic), 178. 

crystalline, 178. 

density, 179. 

»)ccurrence, 159, 178. 

thermo-chemical data, 179. 

— oxide (cadmous), 177. 

— oxyhalides, 176. 

— paratungstate, 1 90. 

— ]3entasul])hide, 183. 

— ]X‘rchlorate, 1 77. 

ammoniates, 177. 

hydrates, 1 77. 

— jx'riodate, 177. 

— jx'roxide, 180. 

— pho.sphates, 193. 

— phosphide, 192. 

di-, 192. 

sub-, 192. 

— pyrophosphate, 193. 

— sclenate, 188. 

double salts, 1 88. 

— selenide, 187. 

— .selenitcs, 1 88. 

— silicate, 1 96. 

— .suboxide, 177. 

— sulphate, 184. 

ammoniates, 1 86. 

basic, 186. 

^ density, 184. 

double salts, 186. 

hydrate.s, 1 84-1 86. 

solubility, 184-186. 

therrao-cheraical data, 186. 

— sulphide, 181. 

colloidal, 183. 

-x: double salts, 183. 

forms, 181-183. 

heat of formation, 183. 

occurrence, 159, 181. 

penta-, 183. 

precipitation, 181, 199. 

— sulphite, 183. 

ammonia te, 184. 

hydrates, 184. 

— tellurate, 189. 
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Cadmium telluride, 188. 

heat of formation, 188. 

T- tellurit©, 189. 

— tetrathionate, 187. 

— thiocarbonate, 196. 

— thiocyanate diarnmoniate, 196. 

— thio-hypophosphate, 194. 

— thio-orthophosphate, 193. 

— thio-pyro 2 )hoflphate, 194. 

— thiosulphate, 187. 

double salts, 187. 

— triohromate, 189. 

— tungstate, 190. 

double salts, 190. 

hydrates, 190. 

meta-, 190. 

para-, 190. 

Calamine, 92, 148, 151, 159. 

— density, 151. 

— hardness, 151. 

Calomel, 201, 226. 

— electrode, 229. 

Capillary electrometer, 207. 
Carnallite, 34, 51. 

— electrolysis, 37. 

— occurrence, 51. 

— properties, 51. 

Cerbolite, 66. 

Chloride of Millon’s base, 238. 
Chrysoberyl, 7, 30. 

— artificial, 30. 

Chrysolite, 35. 

Cinnabar, 201, 274, 277, 

— density, 201, 274. 

— formation, 277. 

— hardness, 201, 274. 

— vermilion, 277. 

Clark standard cell, 131. 
Clinoenstatite, 35. 

Coralline ore, 201. 

Cymophane, 7, 30. 

— artificial, 30. 

Banalite, 7. 

Bermogen, 125. 

Bimercuriammonium bromide, 246. 

— iodide, 258. 

Bimercuroamrnonium chloride, 229. 
Biopside, 35. 

Bolomite, 35, 80, 82, 84, 85. 

— artificial, 85. 

— density, 80. 

— hardness, 80. 


Epsomite, 34, 61, 65. 

Euclase, 7. 

Fobsterite, 35, 86. 

Franklinite, 92. 

“ Fusible white precipitate,” 237, 238, 240. 

bromine analogue, 246. 

iodine analogue, 249, 257. 

Oadolinite, 7. 

Gahnite, 92. 

Galvanising, 95. 

Geikielitc, 35. 

Glucinum, 7, 8. 

Goslarite, 129. 

Grecnockite, 159, 181, 183. 

— artificial, 183. 

— density, 181. 

— hardness, 181. 

Hambergite, 7. 

Hedenbergite, 35. 

Helium, in minerals, 7. 

Holvite, 7. 

Hemimorphite, 92, 151. 

— density, 151. 

— hardness, 151. 

Hibbenite, 92, 144. 

Hoernesite, 35. 

Hopei te, 92, 143. 

— para-, 143. 

— properties, 143. 

Horn mercury, 226. 

Hydrogiobej-ite, 35, 83. 

Hydromagnesite, 35, 83. 

Hydrotalcitc, 35. 

Hydx*ozincite, 92. 

Hypomercurosic sulphite, 279. 

‘‘Inectsible white precipitate,” 229, 238, 
240. 

bromine analogue, 246. 

iodine analogue, 257. 

monoethylamine analogue, 240. 

Jacobsite, 35. 

Kainite, 35, 67. 

— formation, 67. 

— properties, 67. 

Kaliborite, 35, 87. 

Kieseritc, 34. 

Kleinite, 201, 260. 

Kornerupine, 35. 

Kottigite, 92, 147. 

Krugite, 35, 66. 

— formation, 35. 

— projKjrties, 66. 


Eglestonite, 201. 
Eklogen, 125. 

Emerald, 6, 7, 30. 

— artificial, 30. 
Enstatite, 35, 86. 

— artificial, 86. 
Epididymite, 7. 

Epsom salts, 34, 35, 61. 

occurrence, 34, 61. 

preparation, 61. 

properties, 61. 

solubility, 61. 


Lakdsfordite, 35, 82. 
Langbeinite, 35, 64, 65 

— formation, 65. 

— properties, 65. 
Leonite, 35, 64, 65. 

— formation, 65. 

— properties, 65. 
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Leucophanei 7. 

Loewite, 36, 64, 66. 

— formation, 64. 

— properties, 66. 

Liineburgite, 35. 

Magnalium, 44. 

Magnesia alba, 35, 82. 

— cements, 50. 

— mica, 35. 

Magnesite, 35, 80. 

— projx'rties, 80. 

Magnesium, 34. 

— acids on, 41. 

— air on, 39. 

— alkalies on, 41. 

— alloys, 43. 

— amalgams, 46, 217, 223. 

— atomic weight, 42. 

— boiling-point, 38. 

— chemical properties, 39. 

— colhjidal, 41. 

— crystalline, 38. 

— density, 38. 

— detection, 88. 

— electrical conductivity, 38. 

— estimation. 88. 

— — colorimetric, 91. 

gravimetric, 88. 

volumetric, 88. 

— history, 35. 

— impurities, 38. 

— isotopes, 42. 

— melting-point, 38. 

— o(?currence, 34. 

— physical proj[)ertic8, 38. 

— precipitation of metals, 41. 

' — pre]mration, 36. 

— purification, 38. 

— salt solutions on, 40. 

— si)ecific heat, 38. 

— s})ectruin, 39. 

— thermal conductivity, 39. 

— uses, 42. 

— water on, 39. 

Magnesium aluminatf), 35, 88. 

— arsenates, 35, 77. 

ammonium double salt, 77. 

— arsenide, 76. 

— arsenites, 77. 

thio-, 77. 

— azide, 71. 

— borates, 35, 87. 

hydrates, 87. 

meta-, 87. 

natural, 87. 

ortho-, 87. 

pyro-, 87. 

— boride, 86. 

— bromate, 53, 64. 

— bromide, 52. 

hydrates, 62. 

melting-point, 62. 

occurrence, 62. 

thermo-chemical data, 52. 

— carbides, 78. 


Magnesium carbonate, 80. 

basic, 81, 82. 

bi-, 80, 83. 

double salts, 83. 

hydrates, 81 . 

occurrence, 35, 80. 

solubility, 80. 

— chlorate, 53. 

— chloride, 48. 

aramoniates, 48. 

-- — basic, 50. 

double salts, 61. 

hydrates, 48. 

— — monocthcrate, 48. 

occurrence, 34. 

solubility, 49. 

thermo-chemical data, 50. 

water on, 48. 

— chromate, 69. 

double salts, 69. 

— chromite, 69. 

— colum bates, 78. 

— cyanide, 79. 

— dithionak\ double salt with barium, 61. 

— fluoride, 47. 

double salts, 47, 48. 

occurrence, 34, 47. 

— — solubility, 47. 

— hydride, 46. 

— hydrogen sulphide, 00. 

-- hydroxide, 57. 

(jccurrence, 35, 57. 

f)recipitation, 58. 

solubility, 58. 

— hypobromit^i, 53. 

— hy])ophosi)hate, 73. 

— hypophosjdiite, 73. 

— iodate, 54. 
iodide, 53. 

double salts, 53. 

hydrates, 53. 

o(^currence, 34, 53. 

solubility, 53. 

thermo-chemical data, 53. 

— metaborate, 87. 

— metaphosphato, 74. 

— metatungstate, 70. 

— molybdate, 70. 

double salts, 70. 

hydrates, 70. 

occurrence, 35, 70. 

— nitrate, 71. 

double salts, 72. 

hydrates, 71, 72. 

thermo-chemical data, 72. 

— nitride, 70, 79. 

__ — jieat of formation, 71. 

— nitrite, 71. 

hydrates, 71. 

— orthoarsenate, 77. 

— orthoarsenite, 77. 

— orthoborate, 87. 

— orthophosphate, 73. 

acid, 74. 

double salts, 75. 

hydrates, 73. 
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Magnesium orthophosphate, solubility, 73. 

— oxide, 55, 

boiling-point, 57. 

crystalline, 65, 57. 

density, 5(5. 

fluorescence, 57. 

history, 36. 

melting-point, 57. 

occurrence, 35, 55. 

phosphorescence, 57. 

polymerisation 56. 

reduction, 57. 

solubility, 56. 

sub-, 55. 

thermo-chemical data, 57. 

uses, 57. 

— oxyhalides, 53. 

— paratungstate, 70. 

— perchlorate, 54. 

hydrates, 54. 

— }>eriodates, 54. 

— permanganate, 55. 

— peroxide, 58. 

uses, 59. 

— phosphate, 73. 

acid, 74. 

double salts, 75. 

hypo-, 73. 

meta-, 74. 

ortho-, 73. 

acid, 74. 

double salts, 75. 

hydrates, 73. 

solubility, 73. 

pyro-, 74. 

hydrates, 75. 

— phosphide, 72. 

— phosphite, 73. 

hyjK)-, 73. 

— pyroarsenate, 77 

— pyroarsenite, 77. 

— pyroboratc, 87. 

— pyrophosphate, 74. 

— selenate, 68. 

— selenide, 67. 

— selenite, 68. 

acid, 68. 

hydrates, 68. 

— silicates, 86. 

occurrence, 35, 86. 

— silicide, 85. 

— suboxide, 55. 

— sulphate, 61. 

acid, 64. 

double salts, 64 , 67. 

hydrates, 61. 

solubility, 61. 

thermo-chemical data, 02, 63, 65. 

— sulphide, 69. 

acid, 60. 

heat of formation, 60. 

water on, 60. 

— sulphite, 60. 

basic, 60 

double salts, 61. 

hydrates, 60, 61. 


Magnesium tantalates, 78. 

— tellurate, 68. 

— telluride, 68. 

— tellurite, 68. 

— thioarsenic salts, 77. 

— thiocarbonate, 85. 

— thiocyanate, 80. 

— thiosulphate, 67. 

double salts, 67. 

— tungstates, 70. 

double salts, 70. 

meta-, 70. 

para-, 70. 

— vanadates, 78. 

Magnoferrito, 35. 

Meerschaum, 35, 86. 

— uses, 86. 

Mercurammonium chloride mercuri- 
chromate, 286. 

Mercuric amidochlorido, 239. 

— arsenate, 294. 

— azide, 288. 

— bromate, 264. 

ammonia compounds, 264. 

basic, 264. 

— bromide, 243. 

acid salt, 245. 

allotropic modifications, 243. 

ammonia compounds, 246. 

boiling-point, 244. 

compounds with substituted am- 
monias and related compounds, 247. 

critical temperature, 244. 

density, 243. 

double salts, 245, 

electrical conductivity, 244. 

heat of formation, 243. 

ionisation constant, 244. 

isomorphism, 243. 

latent heat of fusion, 244. 

melting-point, 244. 

oxy-, 264. 

physical constants of solutions, 245. 

reduction, 244. 

solubility in water, 244. 

in organic solvents, 245. 

specific heat, 244. 

viscosity, 244. 

— bromofluoride, 226. 

— carbonate, 295. 

basic, 295. 

bi-, 296. 

— chlorate, basic, 262. 

— chloride, 230. 

acid salts, 235. 

action of light, 231. 

addition compounds, 241. 

alcoholates, 233. 

ammonia compounds, 237. 

further properties, 240. 

views of constitution, 238. 

boiling-point, 231. 

compounds with phosphine, arsine,. 

and stibine, 241. 

substituted ammonias, 239. 

critical temperature, 231. 
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Mercuric chloride, density, 231. 

double salts, 235. 

electrical conductivity, 231. 

heat of formation, 230. 

hydrolysis, 232. 

ionic dissociation, 232. 

melting-point, 231. 

oxy-, 232, 260. 

— — physical constants of solutions, 234. 
reduction, 231. 

solubility in water, 232. 

in organic solvents, 233. 

specific heat, 231. 

toxic action, 232. 

— chlorite, 262. 

ammonia compound, 262. 

basic salt, 262. 

— chloroamide, 239. 

— chlorofluoridc, 226, 

— chloroiodide, 257, 

allofropic forms, 257. 

— - — boiling-point, 257. 

melting-point, 257. 

transition point, 257. 

— chromate, 280. 

basic, 286. 

— cyanide, 296. 

ammoniates, 299. 

antisej)tic pt)W(!r, 299. 

chlorine on, 298. 

constitution, 297, 298. 

density, 297. 

double salts, 299. 

ionisation, 298. 

oxy-, 300. 

antiseptic power, 300. 

— constitution, 300-302. 

density, 301. 

explosiveness, 301. 

heat of formation, 302. 

ionisation, 302. 

solubility, 301. 

solubility, 298. 

thermo-chemical data, 299. 

toxicity, 299. 

uses, 299. 

— fluoride, 225. 

ammonia comjwunds, 226. 

basic salt, 225. 

boiling-point, 225. 

density, 225. 

— — dihydrate, 225. 

melting-point, 225. 

oxy., 225, 259. 

— fulminate, 302. 

density, 303. 

explosiveness, 302, 303. 

solubility, 303. 

— hexa-iodide, 259. 

— hypoiodite, 265. 

— hyponitrite, 288. 

— iodate, 265. 

ammonia compounds, 266. 

— iodide, 249. 

acid salt, 255. 

— — action of light, 253. 
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Mercuric iodide, addition compounds, 259 

allotropic modifications, 250, 252. 

ammonia compounds, 257. 

boiling-point, 253. 

chemical reactions, 253. 

colloidal, 250. 

comjxmnds with substitutc^d am- 
monias and reJat(xl compounds, 258. 

critical temperature, 253. 

cryoscopic constant, 253. 

density, 252. 

dissociation of vapour, 253. 

double salts, 256. 

glow discharge in vafumr, 253. 

— — heat of formation, 252. 

— of transformation, 252. 

ionic disso(!iation, 254. 

isomorphism, 251. 

— — latent heat of fusion, 253. 

of vaporisation, 253. 

rnelting-jx)int, 252. 

molecular weight, 253. 

oxy-, 265. 

physi(^al constants of solutions, 255. 

solubility, 254. 

— — transition temj^eraturc, 251. 

vapour pressure, 253. 

— nitrates 292. 

ammonium, 292. 

basic, 292. 

cryoscopy, 292. 

hydrates, 292. 

hydrolysis, 202. 

molecular weight, 292. 

thermo-chemical data, 292. 

— nitride, 287. 

— - nitrite, 289. 

additive compounds, 290. 

double salts, 290 

hypo-, 288. 

mercuramrnoniiim compound, 290. 

inercuroso, 290. 

stability, 289. 

substitutive compounds, 290. 

— oxide, 267. 

ammonia on, 272. 

change from rod to yellow, 268. 

change from yellow to red, 268. 

chlorine on, 269. 

colloidal, 271. 

crystalline nature, 268, 270. 

density, 270. 

lieat of formation, 272. 

heat on, 268. 

physical modifications, 269. 

precipitated, 267, 270. 

reactions, 271. 

— — reactivity of modifications, 269. 

red, 268. 

reduction, 269. 

solubility in sodium hydroxide, 270. 

solubility in water, 268, 270. 

thermo-chemical data, 269, 272. 

use in volumetric analysis, 271. 

yellow, 267, 268. 

— oxybromides, 264. 



S38 


BERYLLIUM AND ITS CONGENERS. 


Mercuric oxychlorides, 232, 260. 

— oxycyanide, 300. 

antiseptic power, 300. 

constitution, 300-302. 

density, 301. 

explosiveness, 301. 

heat of formation, 302. 

ionisation, 302. 

solubility, 301. 

— oxyfluoride, 225, 259. 

— oxyiodides, 265. 

— oxysulphite, 278. 

— perchlorate, 263. 

basic salts, 263. 

complex salts, 263. 

hexahydrate, 263. 

— periodate, 266. 

ammonia compound, 26(). 

double basic salt, 266. 

— peroxide, 273. 

— phosphates, 293. 

mercurammonium compounds, 2i 

ortho-, 293. 

pyi'o-, 294. 

— polybromides, 247. 

— pol.yiodidcs, 259. 

— pyrophosphate, 294. 

— selenate, 285. 

ammonia on, 285. 

basic, 285. 

— selenide, 284. 

heat of formation, 284. 

occurrence, 284. 

•— selenite, 284. 

double salt, 285. 

— sesqui-iodide, 257. 

— sulphate, 281. 

additive compounds, 283. 

ammonia comix>iinds, 283. 

basic, 282. 

crystalline form, 281. 

— — density, 281. 

double salts, 283. 

heat of formation, 283. 

hydrolysis, 282. 

monohydrate, 282. 

— sulphide, 274. 

acids on, 276. 

chloro-, 274. 

colloidal, 275, 276, 278. 

double salts, 277. 

iodo-, 275. 

occurrence, 274. 

physical modifications, 274, 277. 

precipitation, 275, 276. 

sulphate, 277, 

thermo-chemical data, 277. 

vermilion, 277, 278. 

— sulphites, 278. 

double salt, 279. 

hypomercurosic, 279. 

mercurosic, 278. 

oxy-, 278. 

— tell unde, 285. 

occurrence, 286. 

— thiocyanate, 304. 


Mercuric thiocyanate, acid salt, 304. 

additive compound, 304. 

basic, 304. 

double salts, 304. 

heat of formation, 304. 

light on, 304. 

use in “ Pharaoh’s serpents,” 304. 

— thiosulphate, double salts, 283. 

— tungstates, 287. 

Mercurosic sulphite, 278. 

Mercurous arsenate, 294. 

double salt, 294. 

— bromatc, 264. 

basic, 264. 

— bromide, 242. 

action of ammonia, 243. 

of light, 242. 

colloidal, 243. 

density, 242. 

electrical conductivity, 242. 

heat of formation, 242. 

solubility, 242. 

va|:)our density, 242. 

■ — carbonate, 295. 

light on, 295. 

— chlorate, 262. 

allotropic modification, 262, 

— chloride, 226. 

action of ammonia, 229. 

of light, 228. 

addition compounds, 230. 

allotropic modification, 228. 

boiling-point, 228. 

colloidal, 229. 

density, 227. 

dissociation, 227. 

double salts, 230. 

heat of formation, 227. 

— — melting-point, 227. 

molecular weight, 228. 

solubility, 228, 229. 

specific heat, 227. 

vapour density, 227. 

vapour pressure, 228. 

— chlorite, 261. 

basic, 261. 

— chromate, 286. 

basic, 286. 

— dithionate, 284, 

— fluoride, 224. 

acid salt, 225. 

compound with ammonia, 225. 

density, 226. 

hydrolysis, 225. 

melting-point, 225. 

— hydroxide, 267. 

— hyponitrite, 288. 

light on, 288. 

— iodate, 265. 

— iodide, 247. 

allotropic modification, 248. 

ammonia on, 249. 

colloidal, 24k 

colour, 248. 

density, 248, 

double salts, 249. 
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Mercurous iodide, heat of formation, 248. 

melting-point, 249. 

molecular weight, 249, 

solubility, 249. 

specific heat, 248. 

— molybdate, 287. 

— nitrate, 290. 

ammonia on, 291. 

basic, 290, 291. 

double, 291. 

crystalline form, 290. 

monohydrate, 290. 

solubility in benzoniirile and liquid 

ammonia, 291. 

stability, 291. 

water on, 291. 

— nitrite, 288. 

crystalline form, 289. 

moiiohydrate, 289. 

water on, 289. 

— oxide, 266. 

heat of formation, 267. 

solubility, 267. 

stability, 267. 

— orthophosphate, 293. 

— <jxybromido, 264. 

— oxychloride, 260. 

— oxy iodide, 265. 

— jK^rchlorate, 262. 

fouloineter, 263. 

hydrolysis, 263. 

— jK-riodato, basic, 260. 

— phosphates, 293. 

double salts, 293. 

ortho-, 293. 

pyro-, 293. 

— pyrophosphate, 293. 

— selenate, 285. 

— S(‘lenitu, 285. 

basic, 285. 

— sulphate, 279. 

acid, 281. 

ammonia on, 281. 

— — basic, 281. 

crystalline form, 280. 

density, 280. 

double salts, 281. 

electrolytic prej)aration, 280. 

light on, 281. 

purification, 280. 

solubility, 280. 

specific heat, 280. 

thermo-chemical data, 281. 

— sulphide, 276. 

— thiocyanate, 303. 

— thiosulphate, double salts, 283. 

— tungstates, 287. 

Mercury, 201. 

— alloys, 216. 

— amalgams, 216. 

— atomic weight, 201, 212. 

— boiling-point, 205. 

— catalytic action, 209, 211. 

— chemical properties, 208. 

— colloidal, 209. 

catalytic action, 211. 
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Mercury, compressibility, 206. 

— critical constants, 205. 

— density, 204. 

— detection, 306. 

— dispersion, 208. 

— electrical conductivity, 206, 207. 

— estimation, 306. 

as metal, 306. 

electrolytic, 309. 

gravimetric, 307. 

volumetric, 308. 

— expansion, 206. 

— fluorescence of vapour, 208. 

— freezing-point, 204. 

— hardness, 204. 

— history, 202. 

— ionisation potential, 208. 

— isotopes, 214. 

— latent heat of fusion, 204. 

of vaporisation, 205. 

— magnetic rotation of vapour, 208. 

— occurrence, 201. 

— physical i>roperties, 204. 

at temperature of liquid helium, 207. 

— physiological action, 211. 

— preparation, 202. 

— purification, 203. 

— reducing action, 209. 

— refractive index, 208. 

— re-sonance j)otential, 208. 

— specific heat, 204, 205, 207. 

— spectrum, 207. 

— surface tension, 206. 

— thermal conductivity, 205, 207, 

— thermoelectric power, 206. 

— uses, 202, 211. 

— vapour pressure, 205. 

Metacinnabarite (metaeinnabar), 201, 274, 

277. 

— artificial, 274. 

— formation, 277. 

— occurrence, 201, 274. 

Meteorites, 34, 35. 

Millon s hast>, 238, 239, 246, 258, 272, 283, 
287, 293, 294, 296. 

bromide, 246. 

carbon dioxide on, 296. 

chloride, 238, 239. 272. 

chromate, 287. 

— — constitution, 239, 272, 294. 

dehydration. 272. 

iodide, 258. 

nitrate, 293. 

salts, 272. 

sodium carbonate solution on, 296. 

sulphate, 283. 

Mitscherlich’s salt, 293. 

Montroy dite, 201. 

Nbsqu6honite, 35, 81, 82. 

— artificial, 81. 

Nessler’s precipitate, 258. 

Northui)itt% 35. 85. 

— artificial, 85. 

Olivine. 35, 86. 

Otavite, 159, 
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Paeahopeite, 143. 

Periclase, 35, 65. 

Peritotite, 86, 

’ Pharaoh’s serpents, 304. 
Phenacite, 7, 30. 

— artificial, 30. 

Philosophical wool, 118. 
Phlogopite, 36. 

Picromerite, 35, 65. 

Pinnoite, 35, 87. 

— artificial, 87. 

Polyhalitc, 34, 66. 

— artificial, 66. 

Potassium beryllatoy 23. 
Potassium cadmate, 180. 
Potassium cadmium amide, 191. 
Py rolusite, 36. 

Pyrophoric alloys, 44. 

Red zinc ore, 118. 

Reichardtite, 34, 61. 

Sal aJembroth, 236, 238. 
S<5honite, 36, 64, 65, 67. 

— into leonite, 65. 

- — preparation, 64, 65. 

Sellai'te, 34, 47. 

— artificial, 47. 

Serpentine, 35, 86. 

Simonite, 64. 

Smithsonite, 92, 148. 

Sorel cements, 50. 

Soubeiran’s salt, 293. 

Spelter, 94. 

Sphalerite, 92, 125. 

Spinel, 35, 88. 

— artificial, 88. 

Steatite, 35, 86. 

Steel ore, 201. 

Struvite, 35, 76. 

“Stupp,” 203. 

Sweet sublimate, 226. 

Syngenite, 66. 

Taohhydrite, 34, 61. 

— artificial, 51. 

Talc, 35, 86. 

Tarbuttite, 92, 144. 

Terlinguaite, 201. 

Tiemannite, 202, 284. 

Tilasite, 35. 

Trimerite, 7. 

Ti-oostite, 151. 

Turpeth, ammonia, 283. 

— mineral, 282. 

Vanthoppite, 35. 64. 

— from blodite, 64. 

Vermilion, 277, 278. 

Voltzite, 92, 128. 

Wagnerite, 36, 74. 

Weston standard cell, 186, 281. 
White vitriol, 131, 

Willemite, 92, 162. 

— artificial, 162. 


I Wohler’s precipitate, 237, 
Wurtzite, 92, 125. 

— from zinc blende, 125. 

— into zinc blende, 125. 

Zinc, 92. 

— acids on, 99. 

— alkalies on, 101. 

— allotropy, 96. 

— alloys, 106. 

— amalgams, 108. 

— atomic number, 104. 

weight, 104. 

— boiIing-23oint, 97. 

— chemical proiMjrties, 99. 

— colloidal, 98. 

— compressibility, 97. 

— con’osion, 99. 

— crystalline character, 96. 

— density, 97. 

— detection, 152. 

— displacement of metals, 102. 

— electrical conductivity, 98. 

— electrodeposition, 102. 

— estimation, 153. 

electrolytic, 158. 

gasometric, 158. 

gravimetric, 153, 156, 157. 

turbidimetric, 158. 

volumetric, 154, 155, 156. 

— expansion, 98. 

— galvanising with, 95. 

— hardness, 97. 

— history, 92. 

— impurities, 94. 

— isotopes, 104. 

— latent heat of fusion, 97. 
of vajx>risation, 98. 

— inelting>})oint, 97. 

— modulus of elasticity, 96. 

— occlusion of hydrogen, 102. 

— occurrence, 92. 

— jihysical jiroperties, 96. 

— plasticity, 96. 

— preparation, 93. 

— purification, 94. 

— salt solutions on, 102. 

— sherardising with, 95. 

— specific heat, 98. 

— spectrum, 98. 

— tensile strength, 90. 

— thermal conductivity, 98. 

— uses, 96. 

— vapour density, 97. 

— volatility, 98. 

— water on, 99. 

Zinc aluminate, 92. 

— amide, 139. 

— ammoniate, 139. 

— arsenates, 92, 147. 

basic, 148. 

double salts, 148. 

meta-, 147. 

oi*tho-, 147. 

acid, 148. 

hydrates, 147. 
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Zinc arsenates, thio-, 148. 
double, 148. 

— arsenide, 147. 

di., 147. 

mono-, 147. 

— arsenito, 147. 

meta-, 147. 

ortho-, 147. 

— azide, 139. 

basic, 139. 

— blende, 92, 125. 

from wurtzites 1 25. 

into wurtzite, 125. 

— borates, 152. 

— broinatc, 117. 

ammonia compound, 1 17. 

— bromide, 113. 

ammoniates, 115. 

crystalline character, 1 14. 

density, 114. 

double salts, 115. 

heat of formation, 114. 

hydrates, 114. 

ionisation, 114. 

melting-point, 1 14. 

molecular weight, 114. 

solubility, 114. 

— carbonate, 148. 

basic, 149. 

occurrence, 92, 149. 

bi-, 149. 

hydrates, 149. 

occurrence, 92, 148. 

solubility, 149. 

— chlorate, 117. 

hydrates, 117. 

— chloride, 110. 

acid salts, 112. 

ammoniates, 112. 

boiling-point, 110. 

crystals, 1 10. 

density, 110. 

double salts, 113. 

formula, 111. 

hydrates, 112. 

ionisation. 111. 

melting-point, 1 10. 

oxy-, 113. 

solubility. 111. 

specific heat, 111. 

tWmo-chemical data. 111. 

uses, 111. 

zincoso-zincic, 112. 

— chromate, 136. 

ammoniates, 137. 

di-, 137. 

double salts, 137. 

hydrates, 137. 

tri-, 137. 

— chromite, 136. 

thlo-, 136. 

— cyanide, 160. 

ammoniates, 150. 

carbon dioxide on, 150. 

double salts, 150. 

heat of formation, 160. 


I Zinc cyanide, hydrolysis, 160. 

— dichromate, 137. 

trihydrate, 137. 

— ditliionate, 134. 

double salts, 134. 

— fluoride, 109. 

crystalline, 109. 

density, 110. 

double salts, 110. 

melting-point, 110. 

phenylhydrazino compound, 110. 

solubility, 109, 1 10. 

tetrahydrate, 109, 110. 

volatility, 109. 

“ Zinc fume,” 96. 

— hydroperoxides, 125. 

— hydrophosphide, 142. 

— hydrosulphite, 128. 

double salts, 128. 

— hydroxide, 121. 

alkalies on, 122. 

crystalline, 121. 

monohydrate, 121. 

solubility, 122. 

— hypochlorite, 117. 

— hypophosphite, 143. 

— iodate, 117. 

ammoniates, 118. 

dihydrate, 118. 

— iodide, 115. 

ammoniates, 116. 

density, 115. 

double salts, 117. 

formula, 116. 

heat of solution, 116. 

hydrates, 116. 

oxy-, 117. 

solubility, 116. 

— metantimonate, 148. 

— metaphosphatc, 145. 

ammoniate, hydrate, 145. 

tetrahydrate, 145. 

— metarsonate, 147. 

— inetarsenite, 147. 

— motatungstatc, 138. 

— molybdate, 137. 

acid salts, 137. 

monohydrate, 137. 

— nitrate, 140. 

ammoniates, 141. 

basic, 141. 

double salt, 141. 

hydrates, 140, 141. 

solubility, 140, 141. 

thermochemistry, 140. 

— nitride, 138. 

— nitrite, 139. 

additive compound, 139. 

basic, 139. 

double salts, 139. 

hydrates, 140. 

— orthophosphate, 143. 

acid, 144. 

basic, 144. 

crystalline, 144. 

— — double salts, 145. 
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Zinc orthophosphate, hydrates, 143, 144. 

natural, 143. 

thio-, 140. 

— oxide, 118. 

crystaJIine, 118. 

heat on, 119. 

occurrence, 92, 118. 

reduction, 119. 

solubility, 119. 

specific heat, 119. 

thermo-chemical data, 120. 

uses, 120. 

— oxychloride, 113. 

— oxyhalides, 1 1 7. 

— oxysiilphide, 128. 

— paratungstate, 138. 

— |K»ntasulphide, 1 28. 

— pentathionate, 134. 

— perborate, 152. 

— perchlorate, 117. 

ammoniatc, 117, 

hydrates, 117. 

— jx^rhydrato, 125. 

— perhydrol, 125. 

— IKiriodate, 118. 

— ])eroxide, 123. 

— jfiiosphates, 143. 

ammoniates, 145. 

basic, 144. 

double salts, 145. 

meta-, 145. 

ortho-, 143. 

occurrence, 92, 143. 

pyrO‘, 144. 

thio-, 146. 

— phosphite, 143. 

acid, 143. 

hydrate, 143. 

thin-, 14.3. 

— pyrophosphate, 144. 

ammonia to, 145. 

density, 144. 

hydrates, 144, 145. 

thio-, 140. 

— selenate, 135. 

acid, 135. 

double salts, 135. 

hydrates, 135. 

— selenide, 134. 

crystalline, 134. 

density, 134. 

heat of formation, 135. 

— selenite, 136. 

acid, 136. 

hydrates, 136. 

— silicates, 161. 

heats of formation, 162. 

occurrence, 92, 161. 

— silicide, 161. 

sulpho, 161. 

— spar, 92, 148. 

— sulphate, 129. 

acid salts, 133. 

ammoniates, 133. 

basic salts, 132. 


Zinc sulphate, density, 130. 

double sulphates, 133. 

hydrates, 129, 130, 131. 

hydrolysis, 130. 

occurrence, 92, 129. 

solubility, 130. 

specific heat, 130. 

thermo-chemical data, 1 30, 1 32. 

uses, 131. 

— sulphide, 1 25. 

acid, 128. 

carbon dioxide on, 128. 

colloidal, 127. 

crystalline, 125. 

double salts, 128. 

heat of formation, 128. 

hydrates, 128, 

light on, 127. 

occurrence, 92, 125. 

oxy-, 128. 

ponta-, 128. 

phosphorescence. 127. 

2 )recipitation, 126, 153. 

spcicific heat, 128. ‘ 

water on, 127. 

— sulphite, 129, 

acid, 129. 

basic, 129. 

double salts, 129. 

hydrate, 129. 

— tell urate, 136. 

— telluride, 135. 

density, 136. 

heat of formation, 136. 

melting-point, 130. 

monohydrato, 136. 

— k^trathionat<% acid, 134. 

— thioaniimony salts, 148. 

— thioarsenate, 148. 

double, 148. 

— thiocarbonate, diammoniate, 150. 

— thiochromite, 136. 

— thiocyanate, 151. 

diammoniate, 151. 

dihydra tf!, 151. 

double salts, 151. 

— thiohypophosphate, 146. 

— thio-orthophosphate, 146. 

— thiophosphatos, 146. 

— thiophosphite, 143. 

— thio-pyrophospjiate, 146. 

— thiosulphate, 128. 

double salts, 129. 

— trichromate, 137. 

— tungstate, 138. 

double salts, 138. 

meta-, 138. 

monohydrato, 1 38, 

para-, 138. 

— white, 118. 

Zincates, 122. 

Zincite, 92, 118. 

Zincosite, 92. 

Zincoso-zincic chloride, 112. 
Zinkonal, 125. 
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